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THE COPPER DEPOSITS OF THE ENCAMPMENT DISTRICT, 

WYOMING. 



By A. C. Spencek 



INTRODUCTION. 

During the last few years prospecting in the Medicine Bow and Park ranges 
in northern Colorado and southern Wyoming has proved that copper-bearing 
minerals occur frequently and are very generally distributed over a wide region 
in this portion of the Rocky Mountains. This has gradually become known 
through the discovery of several more or less promising copper deposits and also 
through the exploitation of a few properties which have produced ore on a com- 
mercial scale. The increase in the number of prospectors has kept pace with the 
increasing interest in the region, until now every part of it has been at least 
cursorily examined. In spite of this activity and of a considerable amount of 
development work at several localities, the productive mines in actual operation 
are few, but the search for valuable deposits continues, and it is to be expected 
that other mines will eventually be discovered. 

FIELD WORK. 

The field party was in charge of the writer, who had the assistance of Prof. 
J. Volney Lewis from July 12 until October 1, 1902. Mr. J. E. Spurr was 
associated in the work during a portion of September and October, and made a 
special study of the principal mines and prospects of the region. The writer has 
made full use of Mr. Spurr's notes, and has had the advantage of his suggestion 
and criticism during the preparation of the report. Both the field work and the 
office work have been carried on under the supervision of Mr. S. F. Emmons. 

GEOGRAPHY. 

The Continental Divide, which, in the latitude of Denver, Colo., lies in the 
north-south trending Front Range of the Rocky Mountain system, passes westward 
between North and Middle parks, and is then continued toward the north along 
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12 COPPER DEPOSITS OF ENCAMPMENT DISTRICT, WYOMING. 

are by no means j^ilight, but the topogniphy as a whole is of a subdued typo. Steep 
slopes are confined to the middle courses of a few of the main streams and to a 
few basins or amphitheaters near the main divide, which were formerly occupied 
b}' glaciers. 

The mountain summits along the main divide are general!}' broad and form an 
upland surface the elevation of which varies from 9,200 feet in the lowest pass to 
11,000 feet on the highest summit. The steep declivities ne^ir the heads of opposite 
streams on the two sides of the divide are often a mile or more apart, and the effect 
of breadth is emphasized ])y the frequent continuance of the summit level out onto 
lateral ridges for several miles. The high portion of the range thus presents the 
appearance of an elevated plateau, incomplete!}' dissected b}' existing streams. 

Many of the ridges })etween the streams which cut back into the heart of the 
mountains decline gently toward tin\ main valleys, and are readily approached from 
the lowlands. In general character, therefore, the topography is subdued, rather 
than rugged, and consequently wagon roads have been easily constructed in almost 
every portion of the area without the excessivv^ expense which often attends the 
opening of ti*ansportation routes in elevated regions. 

HISTORY. 

The first serious attempt to develop the mineral resources of the Sierm Madre 
region seems to have followed the discovery, in 1872, of quartz veins on the ground 
now held by the Kui'tze Chatterton Company. According to Mr. Fnmk O. 
Williams, of Saratoga, the veins were first noted in 18G8 by J. W. Southwick, ])ut 
no work was done upon them, and it is stated by Mr. Bone}' Ernest, of Ferris, 
Wyo., that in the year mentioned Tom Sun and himself located four claims at 
this place, and that two years later a fifth claim was taken up by Bill Savage. 
Assessment work was done on these claims until the year 1876, when they were 
surveyed and application was made for patents. However, the issue of the desired 
patents was delayed, and the enterprise was abandoned by the original locators, but 
the claims were relocated several years later by Kurtze Chatterton and held until 
they were purchased by the company which bears his name. 

Mr. Ernest is also authority for the statement that the ground of the present 
Doane mine was originally located in 1874 by a man named Harper, who endeavored 
to find the vein from which a large amount of copper- bearing float had l)een derived. 
A 10-foot hole was sunk, but the property was soon abandoned. In 1881 it was 
taken up by George Doane and others associated with him. (jossan containing 
copper carbonates was found in place and followed to a depth of 75 feet, where 
copper glance was encountered, leading to the first systematic mining in the region. 
Since the discovery of valuable ore the mine has been in operation at intervals, and 
is active at the present time. 
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In 1870 silver-lead deposits canying some gold were discovered In' Frank O. 
Williams on the Bridger group of claims, near the Continental Divide, several miles 
north of the area mapped on PI. I. Considerable development work was done, but 
the ores were not found to be sufficiently rich to be mined at a profit under existing 
conditions. The Charter Oak copper mine, which has produced some good ore, 
was also discovered by Mr. Williams, and developed by him and his partner, Henry 
Jones. It was purchased from them }>y the Charter Oak Company. 

No other properties seem to have come into prominent notice until 1800, when 
some large bowlders containing free gold were discovered by Al. Huston and Ben 
Cullerton in Purgatory Gulch. The actual source of these ]x)w]ders seems never to 
have been found, though some small veins carrying gold were located. 

This discovery of gold seems to have started the present interest in the region, 
though the search for gold soon gave place to prospecting for copper. 

The Ferris-Haggarty, or Rudefeha, as it was formerly called, is the largest mine 
of the region, and though it hr*s been producing rich ore since 1899, it still contains 
large ore reserves. The property was located in 1898 b}' Ed. Haggarty, and was 
operated by a Wyoming company until the summer of 1902, when it was purchased 
by the North American Copper Company. This company also owns or controls 
concentration and reduction works located at Encampment, and an aerial tramwa}' 
16 miles in length connecting them with the mine. 

No producing mines have been developed since the discovery of the Ferris- 
Haggarty, y:)ut careful exploration is being carried on by well-equipped operators at 
several places, and the valu<e or woilhlessness of a number of more or less promising 
prospects will soon be determined in a practical way. 



PART I -GENERAL GEOLOGY. 

CHAPTER I. 

GEN:E3RAIi DE8CRIPTIOX. 

GEOLOGIC MAP. 

TKe topographic map of the Encampment quadrangle serves as a base for the 
geologic map accompanying this report (PL II, in pocket). On it the different 
formations are represented by distinct colors and patterns, the significance of which 
may be determined from the legend. Geologic cross sections are also given to 
indicate the general structure. 

In collecting the data for the geologic map the greater amount of study was 
given to the northern portion of the district, including the whole of the quartzito 
belt in which the principal mines are located. For the southern portion, comprising 
the areas covered by the volcanic series and the red granite, such detailed work was 
deemed unnecessary. 

PRELIMINARY OUTLINE OF GEOLOGY. 

The rocks which occur in the Sierra Madre belong for the most part to the 
oldest pre-Cambrian formations of the Rocky Mountain region, but comprise as 
well formations of Mesozoic and Tertiary age, and surficial deposits of glacial or 
fluviatile origin. 

The rocks of the pre-Cambrian complex form the main mass of the mountains, 
while the Mesozoic formations outcrop on the foothills on either side and dip away 
beneath the surrounding prairie. The general structure is thus a low arch or 
anticline, the axis of which is parallel with the mountain crest. The gradual 
uplift of this arch was accompanied by general erosion, which removed the Mesozoic 
rocks from its axial portion and revealed the ancient formations bolow. The pre- 
Cambrian formations comprise both sediments and igneous rocks. They had l>eeii 
closely folded and eroded long before the deposition of the Mesozoic strata upon 
their upturned edges, and the uplift which produced the Sierra Madre occurred as 
a still later event in the series of geologic changes. 

15 



16 COPPER DEPOSITS OF ENCAMPMENT DISTRICT, WYOMING. 

While the effects of this arching upon the Mesozoic sediments are readily 
discernible, the}' can not be recognized in the pre-Cambrian rocks, because of 
the previousl}' acquired complex structures and metamorphosed condition of the 
latter. 

The sedimentary portion of the pre-Cambrian series forms a system of nearly 
east-west folds transverse to the trend of the range and to the axis of the post- 
Mesozoic arch. Certain of the igneous rocks are older than the sediments, and 
have been folded with them. Others were intruded later and so were unaffected 
by the earlier movements. 

The older igneous rocks are thus grejith' metamorphosed, and some of those 
intruded after the principal folding have also been subjected to a high degree of 
altei-ation. 

The metallic deposits of the Sierm Madre are almost entirely confined to the 
pre-Camy>rian formations. For this reason a description of these rocks and their 
mutual relations must precede any account of the nature, occurrence, and dis- 
tribution of the metallic ores. First, however, the overlying unmetamorphosed 
sedimentary formations of the Mesozoic will be briefly described. 

DESCRIPTION OF THE MESOZOIC AND LATER FORMATIONS. 

The Mesozoic rocks of the Fncampment district are confined te the southwest 
corner of the area mapped, where they occur well down in the foothills, outcropping 
along lines nearly parallel with the crest of the range and dipping rather steeply 
toward the west or southwest. Their distribution is indicated on the geologic 
map. 

The *'Red Bed" series of the Triassic is the oldest unmetamorphosed forma- 
tion present, though Upper Carboniferous rocks are known to occur at no great 
distance in the Elk Mountains. The "Red Beds" have an aggregate thickness 
of about 1,200 feet and are made up of sandstones and limestones with occasional 
beds of coarse conglomerate. They are characterized by the brilliant red color 
typical of equivalent strata throughout the Rocky Mountains. 

The "Red Beds" are usually overlain by alternating shales and sandstones, 
regarded as equivalent to the fresh-water Jurassic of the Front Range in (Colorado, 
})ut locally limestone occurs between these formations in the form of lenses having 
a maximum thickness of 35 feet. This limestone contains marine Jurassic fossils in 
great abundance. The total thickness of the Jurassic is approximately 400 feet. 

The Jurassic beds are followed in turn by the Dakota sandstone, the Colorado 
and Montana groups of shales and sandstones, and the Laramie formation. The 
Montana and Laramie contain many beds of coal, some of which have proved to 
be of good (juality and of workable thickness. 
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The following analysis of coal from the Car})oiidale mine was made in the 
laboratory of the Geological Survey by Dr. E. T. Allen: 

Analysis of coal from CarUmdntr iniiit\ »er. IS^ T. IS A'., A*. S7 H'. 

Moisture 3. 56 

Volatile combustible matter 12. 36 

Fixed carbon 49. 06 

Ash 5.02 

T< )tal 1 ;X). 00 

The coal is l^right, clean, and noncoking. It is now hauled to Rudefeha for 
use at the Ferris-IIaggarty mine, and it is also sent by tramway to Encampment. 

In the southwestern portion of the district thick deposits of Tertiary conglom- 
erate overlap the upturned and ])eveled edges of the Mesozoic roc*ks. These 
conglomerates, which have a nearh' horizontal position, are known to be present 
over a considerable area west of the region studied, and tliey have been mapped 
under the name Wyoming conglomerate, in accord with the usage of the Fortieth 
Parallel Surve3\ 

The importance of glacial and other recentlv formed deposits lies mainly in 
the fact that they locally hide the bed-rock formations. Surficial deposits which 
have originated in various ways are represented on the map as Pleistocene. 

PRE-CAMBRIAN FORMATIONS. 

The pre-Cambrian rocks comprise a variety' of types, including those of. sedi- 
mentary, igneous, and metamorphic origin. They may be convenient^ divided 
into bedded and igneous rocks. The first class will then include, in order of age, 
(1) a series of hornblende-schists derived from bedded volcanic rocks, (2) a for- 
mation made up of limestones and shales, (3) a quartzite and slate formation, and 
(4) a heavy conglomerate. The second class will include quartz-diorites, granites, 
and gabbros, and other rocks of igneous origin, together with both massiv^e and 
gneissic rocks derived from them by metamorphism 

In the Encampment field the quartzite and slate formation is more in evi- 
dence than an}' other of the bedded rocks, but all occur in a limited area having 
the form of a narrow triangle, with its apex on the Encampment River al)out 5 
miles south of Encampment, and its base, about 7 miles wide, in the foothills on 
the west side of the range. The belt of (juartzites and associated stratfi is exposed 
for about 20 miles, but on the west their extent is not known, since they are 
overlapped by younger formations. 

The rocks within the sedimentary belt strike in general nearly east and west, 
and the}' seem at first sight to have an enormous thickness, since they dip almost 
invariably toward the south. However, the recurrence of easily identified lieds 
2100— No. 25—04 2 



18 COPPEB DEPOSITS OF ENCAMPMENT DISTRICT, WYOMING. 

of conglomerate associated with the otherwise monotonous slates and quartzites 
has led to the recognition of an east-west s3'nclinorium, composed of several minor 
folds, closely appressed and overturned toward the north, so that the stnita on 
opposite limbs of all the folds dip in the same southerly direction, producing 
what is known as isoclinal structure. 

The formations of the sedimentary belt are intruded throughout In' basic 
igneous rocks related to gabbro, of lat^r origin than the folding. Similar masses 
also occur between the stnititied rocks of the synclinorium and the outside granites, 
gneisses, and schists, effectively obscuring their relations. 

On the north gniy quartz-diorite occurs in large masses, intruded, however, 
by great amounts of the same sort of gabbro rock which has invaded the sedi- 
ments, and also by coarse red granite and by dikes of aplite or pegmatite. The 
quartz-diorite usually has a })lat3'^ or gneissic structure, which follows the same 
trend as the strike of the quartzites, and which has controlled the distribution of 
the invading rocks in parallel east-west dikes. It appears to be the oldest of the 
intrusive igneous rocks. 

On the south the main country rock is red gmnite, though quartz-diorite and 
gabbro also occur; all are intrusive into hornblende-schist. The red granite is 
usually a coarsely crystalline rock which seldom shows gneissic structure. Where 
it occurs with the gray quartz-diorite the latter is intruded by it. 

The oldest rocks of the limited region here under discussion are the hornblende- 
schists, which have been classed with the bedded rocks. On the north side of the 
synclinoriimi, west of Bridger Peak, the only place where they are known to occur 
in contact with the sedimentary rocks, their well-marked schistose structure runs 
parallel with the bedding of the quartzite adjacent, striking nearly east and west, 
and dipping toward the south, so that the series passes beneath the quartzite as 
though forming the bottom of the great trough-like fold or synclinorium. The 
size of this northern patch of hornblende-schist is limited, for it has been invaded 
by large masses of quartz-diorite, and by dikes of the later gabbro. No hornblende- 
schists are found north of the eastern half of the synclinorium, the quartzites 
being separated from the gneissic quartz-diorite b}' masses of gabbro. 

South of the sedimentary belt the hornblende-schists occur more extensively, 
l>ut they are separated from the quartzites either b}' red granite or by gabbro. 
The structure of the schist and the strike of the igneous contacts, on this side 
as on the noilh, are in general parallel with the east- west lines of the sedimentary 
formations, }»ut the dips are steeper and not constant in their direction. 

In the pre-Cambrian areas of the general region igneous rocks similar to the 
quartz-diorite, granite, and gabbro of the Encampment district cover more ground 
than the bedded formations. Next to them in extent come the hornblende-schists, 
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which arc older than all of the igneous rocks thus far recognized, while the 
quartzites and associated strata are of the least impoi*tance. 

The synclinoriuni in the pre-Canibrian sedimentary formations of the Encamp- 
ment district is enveloped by a complex of metamorphic schists and intrusive 
igneous rocks. The structural relations between the sediments and the outside 
formations suggest that the former are all younger than any of the latter except 
the intrusive gabbros. It is believed, therefore, that the hornblende-schist, with 
its intrusive rocks, originally formed a basement upon which the sedimt^nt^ were 
laid down. All the basement rocks must then have taken part in the downfolding 
by which the synclinoriuni wjis produced. Folding was, however, greatly compli- 
cated by faulting, and probably all the contacts now observed between the sedi- 
ments and the older rocks are fault contacts along which the invading gabbro found 
easy lines of intrusion. 

In different parts of its cross section the sedimentary portion of the syncli- 
noriuni comprises from three to seven closely [ippressed synclines, with anticlines 
between. Thus the limestones, quartzites, slates, and conglomerates, with the masses 
of gabbro which have invaded them and have been controlled by their structure, 
appear at the surface in parallel bands striking east and west parallel with the 
axis of the great fold. The number of folds increases from east to west with 
the widening of the sedimentary belt, but the depth of the great fold is greatest 
in the central portion of the belt. Here the conglomerates are exposed in two 
synclines, which merge toward the ea>?t and •finally disappear as a result of an 
upward rise of their axis, assisted by faulting along the strike. 

Outside of these two bands there is often difficulty in following individual 
folds, but prominent groups of strata in the (juartzite-slate formation may be 
traced for several miles in certain cases, and one y)aud of slate probably occurring 
in a syncline can be traced with practical continuity throughout the whole length 
of the belt. 

The limestone formation is best exposed along an anticlinal axis near the 
south side of the synclinorium, but its outcrop is interrupted several times by 
pitching of the fold along its trend. Evidence of rising and falling along other 
folds is seen in several limited areas of the limestone which has been locally brought 
up from beneath the quartzite and exposed by erosion. 

The southern half of the anticlinal just mentioned is cut off south of Rambler 
town site by a strike fault which brings its northern limb in contact with the 
red gmnite occurring south of the synclinorium. Eastward from this place there 
is no quartzite between the limestone and tlie granite as in the vicinity of 
Copperton and in Quartzite Peak. This fault is one of many which follow the 
general strike of the sedimentary rocks and cause numerous complexities of struc- 
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tiire. The anticline of quartzite which passes through Hridger Peak is cut out on 
the north side of Cow Creek b}" such a strike fault. Again, between Bridger Peak 
and the upper parts of Cow Creek and North Spring Creek two great faults, 
having a general parallelism with the bedding of the sedimentary rocks, ])ring 
the underlying hornblende-schists in contact with the conglomerate which occurs 
at the top of the l>odded series. Doul)tless many strike faults exist which have 
not been recognized ])ecause rocks of similar appearance have been brought 
together. 

Besides the strike faults there are transverse breaks, which sometimes produce 
north-south offsets of the strata. Marked displacements are rare, but those which 
have ])een noted are parallel to a ver}' general system of jointing observable 
throughout the district. In the quartzite^ and in the basic intrusives north-south 
fmctures are frequently filled with (juartz, forming more or less continuous veins, 
and in ])oth the Doane and the Ferris-Haggarty mines breaks belonging to this 
system have a veiT close bearing upon the origin of the ore bodies. 



CHAPTER II. 

TUK BEDDED KOCKS. 

HORNBLENDE-SCHISTS. 

The oldest bedded rocks, and possibly the most ancient of all the rocks of the 
Encampment region, are hornblende-schists or hornblende-mica-schists derived hy 
metamorphism from volcanic lavas and fragmental tutfs. 

As they now exist, the rocks of the series are typical rine-gi*ained dark or black 
schists composed principally of hornblende and quartz, or hornblende, mica, and 
quartz, with epidote and zoisite in almost constant occurrence, and frequently 
containing garnet, calcite, and more rarely feldspar and magnetite. 

The cleavage of the schists varies somewhat in its perfection, but is usually 
strongly developed. Under the microscope the schistose structure is found to be 
due to the arrangement of the minerals in alternating parallel plates of quartz and 
dark minerals. The hornblende needles usually have their long dimensions in the 
plane of schistosity, though in this plane they have no definite orientation. The 
mica flakes commonly lie parallel to the platy structure. 

Considering that the schists arc believed to have been derived from igneous 
rocks, which usually- contiiin large amounts of feldspar, the almost complete absence 
of this mineral from the schists is noteworthy. In possible explanation of this fact 
it ma}" be suggested that the rearrangement of material attendant upon metamorphism 
has been so complete that the feldspar originally present has been broken up into its 
constituents and, through metasomatic changes, its substance now enters into the 
composition of the freshh' crystallized hornblende, mica, and epidote or zoisite, 
leaving a residue of silica in the form of (juartz, which was not present in the 
original lavas. 

In those instances where feldspar still remains it is present in granular aggre- 
gjites of small crystals similar in morphology to the secondary quartz which is 
universally present. Without exception it has been entirely recr3\stallized and 
probably also changed chemically, so that it is of a ditFerent species from the feld- 
spar which existed in the unmetamorphosed rock. 

The original characters of the surface volcanics can seldom be recognized in the 
present condition of the rocks l)ecause of their complete recrystallization, but this 
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origin of the schists is suggest<id by the uniform nature of the metamorphic 
product. The composition of different layers in thick accumulations of lava flows 
and volcanic scoria often varies but little, however great the variations in texture, 
and the nietamorphisni of such a volcanic series >vould give a homogeneous mass of 
schist without important minor variations. Moreover, the original nature of the 
schists is shown ))y the occasional preservation of amygdaloidal structure, which is 
regarded as chamct^ristic of surface lava flows, and the occurrence of hiyers 
composed of angular fragments, which closely resemble volcanic tutfs. The original 
rocks seem to have been andesites and andesite tuffs. 

The bedded nature of the series is indicated by the occurrence at several 
phices of a few thin, though persistent, strata of sandy shale and impure lime- 
stone; l)y the fact that the layers of amygdaloid and breccia lie parallel to these 
strata when they occur in sufficient proximity for comparison, and })y a general 
parallelism between these features and slightly varying tabular masses within the 
rather homogeneous schist. When the bedding recognized in this way is oomimred 
with the secondary platy structure produced through recry stall ization, it is 
found that the two are practically parallel, and, as a rule, schistosity can there- 
fore be taken to represent the stratification of the schists. A similar relation 
exists in the overlying formations whenever they possess secondary platy struc- 
ture, and, in general, stratification and schistosity in the entire sequence of bedded 
rocks are found to be parallel features. 

In the central part of the district, south of the sedimentary belt, andesites 
and granite-porphyries, which are in a relatively unmetamorphosed condition, 
are associated with the hornblende-schists. Original flow structures are often 
discernible in the porphyries, and, though they are not entirely fresh, they are 
seldom crushed or recrystallized. The andesites are greatly changed from 
their original condition, though their igneous character may still be recognized 
under the microscope. It is suggested that they may be similar to the great 
masses of volciinic flows which have been so generally altered to honiblende- 
schists, though this is an inference which can not bo definitely proved, since the 
mineralogical comix>sition of the schists gives but little clue to the exact nature 
of the rocks from which they were derived. 

The alteration which produced the schists is of the sort oixlinarily attributed 
to regional metamorphism, and while it can not be definitely proved that the 
transformation was not produced during the folding and crushing of the j^ouuger 
pre-Cambrian sediments of the region, the completeness of recry stall ization in 
the schists suggests that they may have been independently metamorphosed at 
an earlier date. 

There is indirect evidence that an uncoiiformit}' of erosion exists between 
the hornblende-schists and the other formations which have been folded down to 
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form the great synolinorium, but all of these rocks have been crushed together 
in the process of folding, and in the few places where the contact is exposed 
the schists pass beneath the great fold, with the quartzites and associated clastic 
rocks lying upon them in apparently conformable position. 

The hornblende-schists are cut by rocks of all the principal massive types 
occurring in the region. This fact points to the great antiquity of the schists 
and forms the basis of the supposition that the younger bedded formations are 
really uncomformable upon the older volcanic series, for the gra}' granites are not 
known to cut any strata above the schists, and even the red gmnites, which are 
of later origin than the gray, can not be found cutting the later sediments of 
the pre-Cambrian, excepting in a few unimportant dikes, which, though similar to 
the granite of the main masses, are possibly of a much later date. It seems, 
therefore, that the greater part of these intrusions of granitic rock took place 
before the deposition of any of the sediments which lie above the metamorphosed 
volcanic series, and it is probable that a long interval ensued after the intrusions 
and before the ^^ounger rocks were formed. 

The hornblende-schists often contain sulphides of iron and copper in small 
amounts in the form of disseminated grains or lenticular impregnations. At 
sevei'al places they have been found to yield promising amounts of metallic 
minerals, as at the Creede property, and at other localities on the north side of 
the quartzite belt in the head of Spring Creek, at the Sun Anchor and other 
prospects on the north slopes of Green Mountain, and at the Verde, located several 
miles farther south. At each of these localities there is an evident connection 
between the metamorphism of the countr}^ rock and the genesis or origin of the 
ores which have been discovered. These features will be discussed under the 
description of the properties mentioned and in the statement regarding the origin 
of the ores. 

The general distribution of the schists is indicated upon the geologic ma^, 
though the representations of its extent in the different portions of the district 
are not equally accurate. The area upon the north side of the divide near the 
head of Spring Creek is, however, well shown, though the boundary between 
it and the gray granite-gneiss which occurs to the north is hidden by a mantle 
of debris. • 

In the vicinity of the tui^.ncl of the Battle Lake Tunnel Site Company, and 
extending eastward into the head of Cow Creek, there is a ])atch of schists lying 
between two })ands of the conglomerate which belongs at the top of the pre- 
Cambrian formations. This relation can l)e explained upon the supposition that 
there are two faults of great throw, between which the luiderlying schists have 
been forced up into the very center of a syncline in the pre-Cambrian sediments. 
The schist is in every respect similar to that which occurs near the Creede mine. 
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but the two areas are separated h>^ an intrusion of diorite, as shown upon the 
map. Reference to the sections which indicate the natural order of succession 
of the bedded formations will show that in order to bring schist and conglomerate 
together the displacement along the faults which limit the block must have l^een 
at least as great as the entire thickness of the formations between the strata 
which come into contact. The actual movement upon the faults, however, 
greatly exceeded this amount, since the breaks form low angles with the Ijedding 
planes of the deeply folded formations. 

The boundaries of the schist areas just south of the middle of the district 
are closely represented, but the massive porphyries and partly altered andesites 
have not been distinguished from the entirely metamorphosed rock. In the south- 
central region the distribution is greatly generalized, for here there is locally an 
intricate penetration of the schists by dikes of granite and by masses of diorite 
(metagabbro), neither of which have been distinguished. 

LIMESTONE. 

The second formation in point of age comprises massive limestones and 
associated shales. Where it is composed almost entirely of limestone its maximum 
observed thickness is about 200 feet, but where the shales partly displace the 
limestone it is usually somewhat thinner. Measurements are often difficult and 
unreliable, because of strike faults which cut out a portion of the normal section. 
As a rule these strike faults and the invading igneous rocks greatly obscure the 
stratigraphic relations of the formation. This is especially true in regard to the 
base of the formation; but since the hornblende-schists show a greater degree of 
metamorphism than the limestone, and are intruded by rocks which do not cut 
the sedimentary formations, there is probably a great unconformity of erosion 
between the schists and the limestone. In the few places where the relations of 
the quartzite and the limestone can be observed the former arch over the latter, 
and their bedding planes are strictly parallel. 

The principal outcrops of limestone occur along an anticlinal fold, which can 
])c tmced from Big Sandstone Creek eastward to Encampment River. From Big 
Sandstone Creek to Battle Creek both limbs of the anticline are present, and the 
overlying quartzite occurs on each side of the limestone whenever it appears at 
the surface. Eastward from Battle Creek the southern half of the fold has been 
cut out by faulting or intrusion, and the limestone comes in contact with the 
igneous rocks outside the synclinorium. 

Two small areas of limestone which occur north of the main belt have been 
brought up from beneath the quartzite by local doming along other anticlines. 

The distribution of the formation and its structural relations are shown ))y 
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the geologic map and cross sections (PI. II). As a rule the limestone has been 
but slightly altered either by pressure or by the influence of igneous rocks. In 
a few places it has been recr3\stallized and its impurities have segregated into 
knots of silicate minerals, leaving the carbonate of lime in a granular form. 
This feature is well illustrated in the patch of limestone which occurs in Nellie 
Creek, northeast of Battle; and in the case of a thin limestone stratum which is 
locally developed about 1 mile northwest of Elwood post-office the impurities 
have separated in the form of well-defined crystals of green hornblende. As a 
whole the limestone has been less metamoi*phosed than would be expected in a 
region so greatly disturbed, and the changes which have taken place are less 
apparent to the eye than are the alterations in the other sedimentary rocks. At 
many places it seemed so unaltered that it was carefully searched for fossils, though 
without success. 

The limestone has nowhere been found to be strongly mineralized, though it 
has been explored in many places. 

QUARTZITE AND SLATE. 

The third formation of the bedded rocks, and the most prominent as a feature 
of the region, is mainly composed of two sorts of rocks — massive quartzites and 
slates derived from shales. These occur in frequent alternation to a minimum 
thickness of about 1,000 feet, though this figure is largely a matter of estimate 
with the possibility that it should be doubled. 

In the lower part of the series ]>eds are frequently found which contain 
small rounded pebbles of red granite, showing that cr^'stalline rocks were exposed 
to erosion somewhere in the general region at the time the quartzite was deposited. 

The quartzites are sandstones which have been silicified through the deposition 
of silica throughout their mass. They are uniformly of a vitreous nature, and 
though varying in color from place to place, are usually white. Generally the 
silicification has been so complete and has been accompanied b}' recrystallization 
to such a degree that the quartzite has the appearance of vein quartz. In such 
instimces it is usual to find minute crystals of feldspar, resulting from the recrys- 
tallization of arkose material derived from the igneous rocks which furnished the 
quartz sand for the original sandstone. 

Both the bands of slate and of quartzite run parallel with the general trend 
of the country, but the internal structure of the folded complex is still undeter- 
mined, though it is apparent that individual beds are several times repeated. The 
quartzite beds occur in east-west reefs, which seldom form prominent topographic 
features, but are striking to the eye because their whiteness brings them into 
sharp contrast with the associated rocks, and especially with the black diorite or 
metagabbro. 



26 COPPER DEPOSITS OF ENCAMPMENT DISTRICT, WYOMING. 

The series has not been subdivided upon the geologic map because the com- 
plete separation of the quartzite and slate would have involved the expenditure 
of more time than was available, but their combined distribution is clearly indi- 
cated, together with their relation to the bands of limestone and conglomerate and 
the intrusive masses of diorite. The cross sections still further illustrate these 
relations and indicate diagrammatically the complex way in which the^'^ have been 
folded. 

Locally a portion of the upper beds of this series seems to have been 
removed })v erosion previous to the deposition of the overl3nng conglomerate. 

Quartzite is the country rock of the ore bodies at the Ferris Haggarty and 
Doane mines, the most important thus far developed in the district, and sulphides 
occur in it at many places, so that it has been very generally prospected. 

CONGLOMERATE. 

The fourth and youngest series of the pre-Cambrian is composed of massive beds 
of conglomerate resting unconf ormably upon the quartzite-slate series. The compo- 
nent pebbles or bowlders are gray gi'anite, hornblende-schist, and quartzite. The 
granite pebbles are similar to the gray granites which cut the volcanic series, espe- 
cially to the north; but the red granite, which outcrops in large amounts south of the 
clastic belt, does not seem to occur, though careful search was made for it at many 
points. The schist pebbles were doubtless derived from the old metamorphosed 
volcanic rocks already described, and the quartzite doubtless from the strata which 
immediately underlie the conglomerate. The proportions of these pebbles indicate 
that granitic rocks exposed to erosion contributed the gi'eatest amount of material to 
the formation, while the volcanic rocks and quartzite furnished a relatively small 
amount of detritus. 

The conglomerate formation has a maximum observed thickness of about 700 
feet, though it often appears to be thinner, this being sometimes due to partial 
cutting out by faults rather than to an actual decrease in the mass originally 
deposited. 

Locally the conglomerate seems to have been little changed from its original 
condition, but as a rule it has been metamorphosed, and often to such an extent 
that its original characters are masked or entirely obliterated. This metamorphism 
has been lx)th mechanical and chemical, and the rock has often acquired marked 
schistose structure due to the ma.shing of the granite bewilders and pebbles into 
disk-like plates. By recrvstallization, feldspar, hornblende, and garnet have been 
formed from the pebbles and interstitial material, and in extreme phases the con- 
glomerate has been converted into gneiss, so distinct in its aspect that its origin 
would be entirely indeterminate except for the observation of complete gradations 
into the unaltered rock. 
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The distribution of the conglomerate and its derived gneisses in two parallel 
bands uniting toward the east is well shown on the geologic map, together with its 
surface relations to the intrusive diorite and to the quartzite upon which it was 
originally deposited. Its preservation from erosion results from two deep syn- 
clinal folds, the opposite sides of which have been pressed together and overturned 
toward the south. 

In certain localities, where the conglomerate has been much crushed, quartz 
veins containing metallic sulphides have been found, following the gneissic or plat}" 
structure of the inclosing rock, and in some instances copper sulphides without 
quartz have been deposited in small amounts along planes of movement parallel to 
the schistosity. The diorite mavsses inclosed in the conglomerate have been locally 
prospected for copper, but so far as known without encouraging results. 



CHAPTER III. 

THT. GABBRO ROCKS AXD THEIR METAMORPHIC PRODUCTS. 

GENERAL DESCRIPTION. 

The rocks to be described in this chapter comprise all the dark intrusives which 
occur in the Encampment district and pass under the name ^'diorite" as locally 
employed. They are found as a rule in relatively small masses, frequently having 
the nature of intercalated sheets in the bedded rocks of the pre-Cambrian, but they 
occur also as intrusions in the other rocks of the area. Their field relations and 
petrography indicate that the different and separated bodies of dark rock were all 
intruded at the same time, subsequent to the period in which the bedded formations 
were folded, faulted, crushed, and partly recr\'stallized. Other dark rocks intruded 
before this period may be present in the district, but they have not been recognized 
in place, and their existence is only surmised from a few pebbles of basic rock 
occuiTing in the conglomerate of the bedded series, which may indicate that there 
were earlier intrusions in the basement rocks of the region, though these fragments 
may readily have been derived from the underlying volcanic series. 

The rocks are dark colored, of variable though usually fine grain, tough, hard, 
and, of a fresh appearance in outcrops. As observed in the field considemble 
variation in mineral composition is to \)e noted, and such general types as gabbro, 
diorite, and serpentine may be distinguished. More minute study with the micro- 
scope bears out this classification, and not only shows the presence of seveml well- 
marked rock species, but reveals the fact that most of the original rocks have been 
very greatly metamorphosed, the occurrence of the rocks in their original unaltered 
state being extremely rare. Out of nearh' 2^)0 specimens collected to represent 
these rocks, only 8 or 10 are practicalh^ fresh, and but one is entirely unchanged as 
regaixls all of its constituent minemls. 

From a study of the relatively fresh material, together with the partly altered 
and entirely metamorphosed specimens, it is known that the original rocks occurred 
in three related types or facies of ga}>bro. The intermediate type, which is the only 
one which has been found in a fresh stiite, is norite; the basic type was olivine-norite 
or peridotite; and the most siliceous facies was a gabbro, or possibly norite, contain- 
ing pyroxene and oligoclase feldspar, either alone or together with labradorite like 
that of the norite. 

The metamorphic products of the several portions of the original rock are ser- 
pentine and hornblende-feldspar rocks similar to diorite in mineral composition, 
together with others composed of hornblende, (juartz, and epidote, in which the 
original feldspar has been entirely destroyed. 

28 
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Traces of copper were found in all of the 18 selected samples representing the 
outcrops of the various varieties of the dark intrusive rock which were tested.'' From 
this it ma}' be inferred that the gabbro rocks contain a small amount of this metal 
in all parts of the field, and since it occurs in fresh and altered rocks alike, it is 
probabl}" an original constituent of the magma, and the source of many of the 
segregations of copper minerals present in the other rocks of the region. 

NORITE. 

Practically fresh norite was collected near the Elkhorn mine, about 1 mile 
west of the Verde location, at the Octavia proj^erty and at the Creede tunnel, 
and between Bridger Peak and the head of Cow Creek. The mineralogic com- 
position of the specimens from these localities represents the original character 
of much of the rock which elsewhere has been changed to diorite. The norite 
has a fine-grained, evenlv gmnular structure. All of the specimens examined 
contain orthorhombic pyroxene, mainly hypersthene, as their principal constituent, 
with a variable though somewhat subordinate amount of labradorite feldspar. 
Biotite is of frequent occurrence, and when present has titaniferous magnetite 
associated with it. A few grains of quartz are present. Olivine was not observed 
in any of the fresh rocks, though present in many cases where considerable 
altemtion has taken place. In most of the specimens a small proportion of the 
hypersthene has been altered to the common secondary mineral bastite, and the 
P3'roxene is sometimes surrounded by narrow bands of secondary hornblende. The 
feldspar is usually fresh, though it has a clouded appeamnce, due to minute inclu- 
sions, the nature of which is not revealed b}^ the highest powers of the microscope. 

In partly metamorphosed examples of norite the pyroxene has usually been 
more readily altered than the feldspar, though there are exceptions to this rule 
in which the feldspar has been almost completely changed and pyroxene only partly 
altered. In those instances where the pyroxene has been converted to hornblende 
and feldspar still remains, the rock acquires the composition of diorite, while the 
final product of change due to deep-seated metamorphism, without the added effects 
of hydration brought about by atmospheric weathering, is a rock composed of 
hornblende, epidote or zoisite, and quartz. Numerous examples of this rock are 
found throughout the region. A specimen of fresh norite collected near the head 
of Cow Creek, on the north slope of Bridger Peak, was analyzed in the laboratory 
of the Geological Survey })y Dr. £. T. Allen, with the result which is given in 
Column I of the table of rock analyses on page 32. 

PERIDOTITE. 

The rock known as peridotite is closoh' related to norite, from which it differs 
in containing a smaller proportion of feldspar and hj^persthene, the place of which 

a These tests were made by Dr. K. T. Allen in the chemical la»x>ratory of the Geological Survey by a method excluding 
the possibility of copper having been introduced from outside sources. 
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is taken by olivine. In many areas all gradations between norites containing no 
olivine and peridotites composed almost entirely of the latter mineral are observed, 
and more careful observation than has been possible in the present fieldwork might 
show a complete series between the two types. However, from the relations 
already known, there can be no doubt that the peridotites and norites of the 
Encampment district were derived from the same rock magma, and that the differ- 
ences observed in the secondary rocks derived from them are based upon original 
local differences in the composition of the primary intrusions. The peridotites do 
not occur as large masses in a fresh state; they have been almost completely 
changed to serpentine, though sufficient specimens in which the change has been 
only partial have been examined to definitely show the original fine-grained 
granular structure and the minemlogical nature of the unaltered rock. 

OLIGOCLASE-GABBRO. 

A third facies of the original intrusive rock related to the norite no longer 
exists in an unaltered state. Its partly metamorphosed products show that it 
contained oligoclase as its principal feldspar instead of the labradorite which is 
characteristic of the norite and peridotite. Examples are not wanting to show 
that there were intennediate types l>etween this and the normal norite. The 
feldspars of this rock are usually much altered, but sometimes show relatively 
fresh remnants, surrounded by aggregates of sericite and quartz. The presence 
of pyroxene in the original rock is not certainly known, since nothing but horn- 
blende is now found, but the evident relationship with the other members of the 
gabbro family furnishes strong ground for the inference that this was the nature 
of the dark mineral. If so, it may have been either hypersthene, as in the 
norites, or diallage, which is the pyroxene forming the ordinary dark-colored 
constituent of normal gabbros as distinguished from norites. 

The feldspar crystals in the rocks intermediate between this type and the 
norites frequently show zonal growths, with oligoclase upon the outside and 
labradorite within. 

As in the case of the norites, the moderate metamorphism of the oligoclase- 
gabbros has resulted in the formation of a rock with the mineralogic composi- 
tion of diorite, and changes more complete have produced hornblende rocks in 
which the original feldspar has been entirely destroyed, with the formation of 
epidote and quartz. 

METAGABBRO, OR ** DIORITE." 

By definition diorite is a wholly crystalline granular rock made up essentially 
of hornblende and plagioclase feldspar. True diorite occurs as the result of 
original solidification of molten rock material, but rocks of the same composition 
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are often derived — as in the Encampment district — by the metamorphism of rocks 
whose dark constituent is some variety of pj^roxene. When of this origin they 
are properly called metagabbros, a term devised to indicate that they are altered 
gabbros. The metagabbros of the Encampment district are not distinguishable 
from true diorites by the unaided eye nor with an ordinary magnifying gla^, and 
resident mining men commonly use the latter term for a variety of dark rocks 
more or less specked with white. While the present investigation has shown that 
none of the rocks can be stricth' classed as diorites, and that man}^ of them are 
essentially different from diorite in mineral composition, the present usage is a 
convenient one, which may well be continued. 

Several types of these dark rocks have already been described under the names 
appropriate to their original mineinilogic composition; the secondary diorites have 
also been incidentally mentioned, and their metamorphic derivation indicated. 
They are tine-grained black or gray granular rocks composed of hornblende and 
feldspar or minerals derived from decomposition of the latter. Mica frequently 
occurs accompanied by titaniferous magnetite and titanite; epidote and its iron- 
free relative, zoisite, are always present as secondary products, while calcite and 
chlorite, though present, are less often found. 

Schistose structure, which is of almost constant occurrence in all of the older 
sedimentary formations and in certain of the crystalline rocks, is practically 
absent from the gabbro rocks and their metamorphic products. This fact alone 
would be sufficient to show that thQ dark intrusives originated subsequent to the 
production of the parallel structures of the older rocks, but this is independently 
proved b}" the manner in which the invading dikes follow the stratitication and 
schistose structure of the folded formations. The examples of schistosity observed 
are confined to small masses of the secondary diorite, in which, as a result of 
irregular transmission of pressures due to heterogeneit}^ local strains were pro- 
duced by earth movements probably much less revolutionary than those which 
had previously folded and mashed the quartzites and associated strata. 

No extended discussion of the mineralogic changes observed in the passage 
of these gabbro rocks into metagabbros will be attempted in this place, and it 
must suffice to recapitulate the statements already given of what these changes 
have been. 

In the least altered of the rocks free from olivine, pyroxene has been the 
only mineral attacked. Here it may be only partly changed to hornblende, or it 
may be entirely replaced by that secondary mineral. Epidote is alwa3\s found 
as a side product of the hornblende formed in this way. Its presence may be 
readily explained by the well-known fact that the percentage ratio of magnesia to 
lime in hornblende is greater than in pyroxene; consequently if all of the magnesia 
of the pyroxene is taken up by the hornblende, there is a residual of lime. 
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Furthermore, the hornblende molecule contains a .smaller i-atio of silica, which, 
being likewise li>>erated, combines with the lime and a small amount of iron 
derived from the pyroxene and forms epidote. 

The first decomposition of the feldspar results in the development of a few 
small needles of zoisite or epidote distributed through the crystal. This change 
involves the lil>eration of alumina, which, Ix^ing needed in the hornblende, has 
doubtless been taken up by that mineral. Further alteration shows a progressive 
increase of the zoisite or epidote until finally an aggregation of these minerals 
inclosed in quartz completely fills the space originally occupied by the feldspar. 

In proportion to the extent to which these secondary minerals have been 
formed, the rock has l^een partly or completely recrystallized. It may therefore 
be concluded that the observed metamorphism has resulted from internal reactions 
between the original minerals, involving molecular transfer and interchange of 
substance with the formation of new mineral combinations. A comparison of the 
original and secondary minerals shows that there has been no important gain or 
loss of material, an indication the value of which is greatly increased by the 
similarity of the bulk analyses of fresh and altered types of rock here appended. 

Analyses of iwrite and other rocks from the Encampment districi. 
[Analyst. E. T. Allen.] 



I. 



SiO,... 
AlA.- 
FeA - 
FeO... 
MgO.. 
CaO... 
Na,0.. 
K^O... 

H,0| . 
TiO,... 
CO.,... 

PA... 

S 

Or A.. 
NiO... 



52.00 

11.59 

2.72 

7.18 

12.87 

10.49 

1.06 

.92 

.18 

.37 

.99 

None. 

None. 

Trace. 

Trace. 



NiO-hCoO. 

MnO 

BaO 

ChiO 



.04 
Trace. 
Trace. 
Trace. 



II. 


III. 


IV. 


50.03 


50.20 


46.39 


10.89 


15.54 


16.17 


2.32 


2.14 


2.65 


7.99 


6.49 


9.30 


11.84 


7.3;^ 


8.58 


9.73 


11.96 


8.90 


1.66 


2.03 


2.25 


.57 


.40 


.73 


.46 


.43 


.47 


2.61 


2.52 


2.59 


1.23 


1.00 


1.59 


.78 


None. 


None. 


.02 


.09 


.06 


Trace. 


.03 


.01 


Trace. 


Trace. 


Trace. 
Trace. 






Trace. 


Trace. 


Trace. 


.04 


None. 


.02 


Trace. 


Trace. 


. 02 , 



100.41 



100.17 



100.16 



99. 73 



ROCK ALTERATIONS. 83 

I . Is orite, occurring near head of Cow Creek, alx>ut three-fourths of a mile from Bridger Peak. 
This rock is made up largely of colorless hypersthene and labradorite which has lieen slightly changed 
to sericite. There are a few grains of diallage and also a few small crystals of orthorhombic horn- 
blende. Original biotite occurs and with it considerable magnetite. 

II. Diorite derived from norite, occurring near head of Cow Creek, alx)ut three-fourths of a mile 
north of Bridger Peak; altere<i form of I. The pyroxene has l)een completely changed to uralite, and 
the feldspar largely decomposed. 

III. Diorite probably derived from gabbro, from cutting on new Rawlins road, near the head of 
Big Sandstone Creek. In this rock paramorphism and recrystallization have been practically com- 
plete. The feldspars have given rise to a large amount of zoisite, but the rock is not at all crushed. 

IV. Diorite derived by metamorphism from norite, from ridge east side of West Fork of Battle 
Creek, 2 miles west of the Vertle mine, Encampment district. This rock shows the evidence of 
regional metamorphism by comparison with other fresh rocks. It seems to have been comix>sed 
originally of pyroxene and labradorite, with small amount of biotite and magnetite. The micro- 
Bcope shows no evidence of hydration, and recrystallizatiou has l:>een confined to the pyroxene, 
which now occurs in the form of uralite. 

The mineral transformationhi described are regarded as having been produced 
by dynamic pressures, but the forces involved were not sufficient to inaugurate mass 
movements amounting to crushing, nor was their action accompanied by the inva- 
sion of w^ater in amounts adequate for any general hydration. Lindgren'' has 
defined the term "dynamo-chemical metamorphism" in a discussion of rock altera- 
tion in his report upon the gold-quartz veins of the Nevada City and Grass 
Valley districts, California. The following extract from that report gives a clear 
comprehension of the nature of the general process, and indicates that the alx)ve- 
described variety of metamorphism, without crushing and without hydration, is 
comprised in Lindgren's dynamo-chemical class. 

"Large metamorphosed areas are often spoken of as affected by regional meta- 
morphism, a general term not designating the cause of the action. A large part of 
the Sierra Nevada may thus be said to have been subjected to regional metamor- 
phism. The main cause, however, imdoubtedly l)eing orogenic pressure, the rocks 
are referred to as altered by dynamo-metamorphism. Strictly speaking, this term 
refers only to the purely dynamic processes of crushing and shearing by com- 
pressive stress distributed evenlv through the rock or relieved along certain planes. 
A stretching action produced by a tensile stress has also been recognized by several 
investigators, but no decided evidence of its existence can be said to have been 
found during the examination of the rocks in this district. 

"While examples of dynamo-metamorphism without extensive mineralogical 
alteration occur, chemical forces are nearly always involved and very generally play 
a most important part, incited by the increase in temperature accompanj'ing the 
pressure at points far below the surface and aided by the moisture of the rocks. It 
is not at all probable, however, that the heat during the dynamo-metamoiphic proc- 

«Lindgren, Waldemar, The gold-quartz veins of Nevada Cfty and Grass Valley districtj*. California: Seventeenth Ann. 
Kept. U. 8. Geol. Survey, pt. 2, 189G, pp. 9(V-%. 
2100— No. 25—04 3 
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e.s8e« in the Sierra Nevada has exceeded a few hundred degree? Centigrade, and of 
fusion there i.s no indication at all. It is not necessary' for the initiation of the 
rec^rystallizing action that the pressure should have been carried to a point at which 
the limits of cohesion were reached and schistose structure produced. 

^'The process should, perhaps, more fittingly be designated dynamo-chemical 
metamorphism. It is generally characterized by a very moderate hydration and the 
formation of clear, fresh aggregates of mosaic structure. It usually produces a rock 
of finer texture than the original one. Igneous and sedimentary rocks are similarly 
affected, though the ultimate products usually differ. The chemical composition of 
the rcHik does not appear to 1x5 greatly altered by the process. 

'^Dynamo-chemical metamorphism, best illustrated in this district by the Indian 
Flat amphibolite area and by the Grass Valley Calaveras slates area, ordinarily pro- 
duces the following minerals: Feldspar (probabh^ ver^^ largely' albite), quartz, 
hornblende, biotite, muscovite, chlorite (?), epidote, titanite, magnetite, pyrite, and 
pyrrhotite. The original feldspars are converted into albite, epidote, hornblende, 
quartz, and muscovite. The pyroxene alters to uralite and recrystallized hornblende, 
biotite, and epidote. The larger grains of clastic or porphyritic character are not 
only cnished but also resolved to secondary' aggregates by a corrosively acting proc- 
ess of substitution, the new-formed minerals projecting into the primary grains."^ 

Dynamo-chemical metamorphism, producing nonhydrous secondary- minerals, 
has affected the original gabbro rocks in all parts of the field; but, as already 
stated, the amount of alteration varies from place to place, and examples of 
nearly fresh rock are frequentl^^ to be observed. From these facts two infer- 
ences may be drawn, namely, that the metamorphosing pressures were not uni- 
formly distributed, and that they were probably not excessive. The first inference 
may be explained as due to the great heterogeneity of the large rock masses which 
have been affected, a feature which introduces the possibility of local relief or 
compensating increase of the average pressure, through a partial deflection of 
strain by the strongest or most competent members of the complex. That the 
average pressure was moderate is an inference which follows from the fact that 
the strongest rocks were sufficiently rigid to cause a change in the direction of 
transmission, for if the pressures were greater than they had the ability to resist, 
uniform yielding throughout the complex would have been the necessary result. 
Only the maximum strain, occurring where transmission was most complete 
and where th(» d(»flected pressures were added to the average pressure, was 
HuHicient to ])roduce int4*rnal molecular rearrangement of the rock minerals without 
cHUMJiig rccognizahle mjiss deformation. The minimum strain was not adequate 
to produci' any important disturbance, the absence of which is evidenced by the 
unalt4'n'<l |>ortionH of the rock. 

" Mii'l^fi II. Wiililifniu. 'Mm- kmM <jimrt/ vi-Iiik of Ni'va^la City an<l ^ims^^ Valley districts, California: Seventeenth Ann. 
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SERPENTINE. 

In describing the peridotites of the Encampment district it was noted that 
they have been generally altered to serpentine. This form of alteration is the 
ordinary one for rocks containing large amounts of olivine, and the presence of 
this mineral usually controls the secondary changes of all the dark rock -making 
minerals associated with it. Thus, instead of appearing as hornblende in the 
serpentine rock, the pyroxene of the peridotite has changed to the mineral 
serpentine along with the olivine. 

Like the peridotites lErom which they have been derived, the serpentines 
contain a small amount of chromium, and in common with all the dark gabbroic 
rocks they carry traces of copper. They also contain more magnetite than the 
related types excepting peridotite. 

The alteration of olivine to serpentine involves hydration or the taking up 
of water which enters into the constitution of the secondary mineral. The 
transformation of the peridotites into serpentine is therefore regarded as the 
result of hydrometamorphism, and though the change may have taken place when 
these rocks were deeply buried, and have been contemporaneous with the general 
metamoi*phism of the gabbro rocks, it is regarded as more probable that it is of 
relatively recent origin and due to processes similar to those which have caused 
a less complete hydration -of other phases of the gabbro rock, as outlined in the 
following section. 

Serpentine is found only in the western part of the area, where it was noted 
at several points in the drainage of Big Sandstone Creek. No important ore 
occurrences have been noted in this rock, but sulphides are found inclosed in it 
at some prospects situated in the northeast corner of sec. 20, T. 14 N., R. 87 W. 

MINERALIZATION OF THE GABBRO INTRUSIVES. 

The chemical tests, which have been mentioned, indicate that copper is present 
in every facies of the intrusive gabbro rock, both original and metamorphic. In 
these rocks the metal, however, occurs in very minute quantities, and copper 
minerals can not ordinarily be detected by microscopic examination of the rocks 
in thin sections. It may therefore be suggested that the copper is disseminated 
through the rock, either in the rock-forming minerals as inclusions beyond the 
power of the microscope, combined with oxide of iron in magnetite inclusions 
which are almost universally present, or entering chemically into the molecular 
constitution of one or all of the ferromagnesian minerals. Each of these supposi- 
tions is in accord with the belief that the copper present in the dark rocks was an 
original tonstitueiit of the magma from which they were derived. 
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It has already been stated that this original or indigenous copper is never 
visible though always present in the gabbro rocks. Visible minei^als of copper are, 
however, encountered in the same rocks in all parts of the field, but these are 
regarded as secondary segregations resulting from the action of water in circulation. 
The usual copper mineral is chalcopyrite, excepting where surface oxidization is to 
be plainly recognized. It is always accompanied by decomposition of the country 
rock, through the body of which it occurs in grains or irregular masses. The 
products of this decomposition are mainly calcite, chlorite, and chalcedony, the 
presence of which shows that hy dilation has taken place, for calcite is ordinarily 
deposited only from aqueous solution, while chlorite and chalcedony contain water 
chemically combined. 

From the relation of the chalcopyrite to the other secondary minerals, as 
seen under the microscope, it is apparent that all were deposited at the same time. 
The hydration of the rock and the deposition of the chalcopyrite are regarded as 
due to the action of circulating meteoric waters, but whether hot or cold there 
is no wa}" of determining. The date of this water action has not been determined, 
but the alteration produced by it can not be in any way confused with the 
dynamo-chemical metamorphism of the dark rocks, which is undoubtedly an 
earlier phenomenon. 

None of the secondary segregations, where the^^ occur entirely within the 
Imsic gabbro rocks, have the form of veins, and none of them have thus far 
proved rich enough or of sufficient size to constitute ore^. AVhen, however, as 
occurs in some instances, the secondaiT deix)sition follows a contact between the 
gabbro and some other rock, the amount of mineral may become of economic 
importance. The reason that such contacts are favorable to mineral deposition 
and to the occurrence of segregations of good size and extent is doubtless to be 
found in the existence of a readier circulation in these places than in the body 
of the rock. 

CONTACT METAMORPHISM. 

The pyrrhotite ores carrying copper, nickel, and cobalt at the Creede prospect 
occur in a countr}' rock of hornblendo-schist near a large dike of norite. The 
exact nature of this deposit could not )>c determined for lack of sufficient exposures 
to show the complete relations, but it is possibly the result of contact metamor- 
phism and impregnation caused by mineralizing emanations from the norite at 
the time of its intrusion. 



CHAPTER V. 
THE SILICEOUS KJXEOl S ROCKS. 

GENERAL DESCRIPTION. 

With the exception of a few unimportant dikes, all the siliceous igneous rocks 
of the district are found outside of the area occupied b}- the sedimentary pre- 
Cambrian rocks. They are much older than the dark nonsiliceous rocks described 
in Chapter IV. 

There are two types of coarse granular rock occurring in large masses, one of 
which is a quartz-diorite, with a general gray color, and the other a granite, 
exhibiting various shades of red. A third type, nearly white, occurs in dikes or 
flattened lenticular bodies in the gray diorite, especially where it has a gneissic 
structure, and also forms part of a complex of cr\\stalline rocks which occurs in 
the northeast corner of the district, but which has not been studied with sufficient 
care to warmnt its detailed description. 

The age of these rocks in reference to that of the bedded series has not been 
determined, for, while masses of both the gray and red rock cut the old raeta- 
morphic schists, contacts with the quartzites or associated strata are not found. 
Diorite younger than the sedimentary rocks is everywhere intruded between the 
quartzites and the crystalline rocks except in localities where the former rest 
directly upon the hornblende-schists. 

The quartz-diorite and granite have been distinguished upon the geologic map, 
which shows their general distribution and areal relations. In representing the 
areas in which these rocks predominate their occurrence has been greatly general- 
ized, and many masses of the younger dark intrusives and of other rocks occur 
which are not shown at all. No attempt was made to indicate the distribution of 
the light-colored granitic rocks which form the third type mentioned above, which 
occur only in relatively small masses. 

QUARTZ-DIORITE AND DIORITE-GNEISS. 

The quartz-diorite is partly massive and partly schistose, but aside from differ- 
ences in structure due to local mashing, the type holds its identity throughout the 
areas which it occupies. It is a gray granular rock composed essentiall}' of feld- 
spar, biotite, and quartz, with' a little hornblende. Titaniferous magnetite is of 
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frequent oecurreuce, and rutile, which is also a titanium mineral, sometimes occurs 
as needles inclosed in the mica. Epidote and zoisite are invariably present as prod- 
ucts of alteration, being principally derived from the feldspar of the original rock, 
and often, with quartz, completely filling the place once occupied by that primary 
mineral. The zoisite products are usually more thickly set in the center of the 
original crystal, and sometimes outside of them there is a rim of relatively clear 
siliceous plagioclase which is probably secondary. Occasionally, also, clear particles 
of similar feldspar are found in the interior of the altered crystals. A large number 
of determinations shows that the secondary feldspar varies in composition from 
oligoclase near albite to nonnal oligoclase, but the latter is the more abundant. 
Regarding the epidote as derived from lime set free by the alteration of the original 
feldspar, the latter must have been more calcareous than the secondary residual 
oligoclase. To the unaided eye the rock appears like granite, but it can not be 
classified under that head, since the feldspar is plagioclase instead of orthoclase, 
which is characteristic of granites. It differs from ordinary diorite in the presence 
of large amounts of quartz, and is therefore designated quartz-diorite. 

The rock has been universally affected by metamorphism, which is evident in its 
entirely massive portions as well as where it possesses gneissic structure. The 
mineral transformations which can be made out are almost wholly such changes as 
are not dependent upon the addition of water, and where hydration has taken plac€ 
it has been subordinate in amount to the other alterations. Locally, where the 
gneisses show the most marked evidence of mashing, they contain more quartz than 
the massive portions of the rock. This mineral is commonly distributed along the 
planes of schistosity, and has apparently been introduced tiirough circulating waters, 
which either accompanied the dynamic action or were active at some subsequent 
time. 

Analytical tests of specimens representing this rock show the absence of copper 
in some cases and its presence in minute amounts in others, but none of the thin 
sections examined with the microscope contain visible segregations of sulphides, 
nor have important bodies of copper ore been discovered in the quartz-diorite as 
country rock. It, however, incloses portions of the Alma and Meta veins, north 
of the area shown on the accompanying map, the values of which are mainh^ 
silver, occurring in galena with some associated copper minerals. 

The quartz-diorite incloses irregular masses of red granite which have been 
intruded into it; also intrusions of dark gabbro rock, and in its gneissic portions 
segregations or intrusions of aplite. 

Secondary gneissic structure may be observed over the greater portion of the 
area covered by the quai'tz-diorite. Along the southern side of the area north of 
the quartzites this structure shows a notable parallelism with the structures of the 
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bedded rooks in the adjacent 83'nclinal fold. A8 shown upon the map, this feature 
is brought out by the dark intrusive dikes which follow the gneissic structure of the 
quartz-diorite, and run pamllel with the near-by reefs of quartzite and their included 
dikes. The dips likewise are toward the south as in the quartzites. The parallelism 
of this gneissic structure with the general structure of the bedded rocks suggests 
that the structure of the gneiss may have been produced at the same time as that of 
the bedded rocks — that is, during the compression of the great syncline. At a 
distance from the folded sedimentaries this parallelism does not persist. This may 
be seen in the region between the forks of Spring Creek, where the platy structure 
of the gneiss lies nearly horizontal, and in the vicinity of the Charter Oak and 
Home Fraction mines, where a distinct dish-shaped synclinal structure is to be 
made out (see p. 83). 

RED GRANITE. 

A few masses of red granite occur north of the synclinorium of bedded rocks in 
the area occupied mainly by the quartz-diorite-gneisses, but the principal development 
of this rock is south of the sedimentary belt, where it is found locally cutting the 
gray quartz-diorite, and generally intrusive into the hornblende-schists. It contains 
many included masses of the last-mentioned series, and is penetrated by dark basic 
intrusives similar to the gabbros which cut the quartzites in the sedimentary belt. 

The red granite is extremely variable in it^j appearance, }>eing very coarse in 
some localities and elsewhere fine grained. The depth of its coloring also changes 
from place to place, but it is always recognizable in the field as true granite. Examin- 
ation with the n^icroscope shows that it is composed mainly of orthoclase or microcline 
and quartz. These minerals are frequently intergrown, forming micropegmatite if 
the rock is fine grained, or graphic granite if the crystallization is coarse. Besides 
the usual alkali feldspars, the lime-soda feldspar, oligoclase, is an almost constant 
accessory constituent, and the dark minerals, which are relatively small in amount, 
are biotite, or rarely hornblende. The rock is thus very siliceous, a fact which 
makes the constant occurrence of magnetite particularly worthy of note, since this 
mineral is ordinarily associated with the dark rock -making minerals. In almost all 
specimens of the red granite magnetite — which is often, and perhaps usually, 
titaniferous — may be detected without the assistjince of a glass. Ix>cally in coarse 
phases of the rock it occurs in crystals half an inch or more in diameter. 

The red granite is the least altered of all the rocks of the region. In no impor- 
tant part of its mass have secondary gneissic structures been developed, in which 
respect it stands in contrast with the gray (luartz-diorite, which is usually gneissic. 
Locally parallel structures are present, but they never occur over extensive areas. 
In most of the rock the microsco|>e fails to show any broken or distorted mineral 
grains. 
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Besides being free from any general crushing, the rock does not give evidence 
of any important mineral transformations. The feldspars are usually i>erfectly fresh 
and when slight alteration is noticed it seems that sericite is always formed. This 
secondary mineral is noted principally in the oligoclase and but rarely in the ortho- 
clase. Its production involves the introduction of a small amount of water, and 
may well be the result of surface weathering. If it can properly be referred to this 
cause, the granites are practically un metamorphosed rocks. Their relative!}' fresh 
condition compared with the gabbro derivatives may be explained on the principle 
that masses of siliceous rocks are, in general, less sensitive to changes in physical 
condition than rocks which contain a high proportion of dark ferromagnesian min- 
erals. This principle seems to apply in the present case, for such evidence as we 
now have indicates that the granites are probably of about the same age as the 
gabbro rocks which have been so generally altered; and, therefore, both rocks have 
been subjected to the same changes in physical conditions, whatever these changes 
may have been. It seems that the assumed increase of molecular activity attributed 
to static pressure and consequent rise of temperature was sufficient to set up chemical 
changes and metasomatism, resulting in recrystallization of the dark complexly con- 
stituted rocks, but not enough to start similar processes in the granites of more 
simple composition. 

It is believed that the red granite as a whole is at least as old as the 
intrusive gabbro rocks, though this is a question open to fuller investigation. 
That it is younger than the gra}' quartz-diorite is evident from the field relations, 
and it was prolmbly intruded during or after the metamoii^hism of the gray rock. 
This last conclusion is based upon the presence of parallel structures in the gray 
rock, and their absence in the red, where the two are in contact. If, as seems 
likely, the gneissic structure of the quartz-diorite was produced by the same 
compression as that which folded the l)edded rocks, the relation indicated proves 
that the red granite, as well as the gabbro-rocks, was intruded after the folding. 
Data are not at hand for a complete discussion of the age relations between the 
various igneous rocks, so that the problems presented by this line of inquiry 
must be left for future investigation. 

The red granite vvas nowhere observed as the sole country rock for impoitant 
mineral veins, though the dark rocks inclosed in it, and certain pegmatite veins or 
dikes apparently related to it, have been mineralized to a certain extent. Through- 
out the region where it is the principal rock, local occurrences of copper minerals 
have been noted by prospectors, but each of th(»se occurrences observed is associated 
with more or less important masses of rock different from the main mass of granite. 
This fact is illustrated for instance at the Jesse, or Scott, group of claims in Hog 
Park, where encouraging indications of copper ore have been revealed. 
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APLITE AND PEGMATITE. 

The term aplite as a rock name is here used for white, iine-grained rocks 
which are composed principally of quartz and oligoclaije feldspar. Pegmatite is 
used for related rocks which are more coarsely crystalline than the aplite and of 
pink or reddish color. The feldspar of the pegmatites is usually orthoclase or 
microcJine. Aplite occurs throughout the gneissic portion of the quartz-diorite, 
and especially in the eastern portion of the district where, in alternation with 
dark, often schistose, hoi:nblende rock, it often exceeds in amount the mass of the 
gneiss into which it appears to be intrusivt*. The aplites always closely follow the 
platy structure of the gneiss, but actual intrusive relations are I'areh' recognizable 
since, instead of sharp contacts, there is often a mineralogical gradation from one 
to the other, resulting from secondary crystallization. 

The geologic relations of the aplite have not been completely determined, but 
bodies of the rock composed of feldspar and quartz and having the form of 
dikes were found to pass by gradation into quartz veins, a fact which suggests 
that they may not be true igneous intrusions in the same sense as the gabbro 
rocks, but rather that they have been formed through aqueo igneous activity, an 
origin to which many pegmatites have been assigned.^' 

The coarse pegmatites have been noted mainh' in the region south of the 
sedimentary belt, and they are somewhat prominently developed along the southern 
edge of the red granite with which they are probabl}' connected in origin. Like 
the aplites, they are found to grade into quartz veins, a feature which may be 
observed to advantage in the vicinity of the Kurtze Chatterton mine. The peg- 
matite here, as on the Cascade property west of the Encampment River, occurs 
in the form of veins which, though showing a general parallelism to the east- 
west structure of the country rocks, still exhibit considerable irregularity. 

The origin and distribution of the aplites and pegmatites, and their possible 
relationship to each other, are questions which must be made the subject of 
future inquiry. The aplite is not known to have any importance in relation to 
the ore deposits of the region, for while the origin of certain quartz veins is 
connected with that of this rock and certain of these veins carry small amounts 
of gold, the latter has not been found in encouraging amounts, if a single 
exception is made for the discovery of a rich bowlder in Purgatory Gulch, the 
source of which was never determined. No copper deposits are associated with 
this rock so far as is known. 

The pegmatite contains copper minerals in the veins of the Cascade property, 
but here the metallic mineral is of later origin than the pegmatite itself. The 
latter is found to be slightly broken and crushed, and the copper has been 
introduced along with a small amount of quartz, as a deposit from circulating 
waters. 

aCroflby, W. O., and Fuller, M. L., Origin of pegmatite: Mass. Inst. Technology Quarterly, vol. 9, No. 4, 1896. 
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CHAPTER I. 
GENEBAIi FEATURES. 
CONDITIONS OF STUDY. 

The ore deposits of the Encampment distri(*t have not, as a rule, been 
developed to a sufficient depth to afford opportunity for extensive underground 
examination. For this reason, while the few mines which have extensive working 
have been studied with all the care possible, the information which has been 
obtained concerning the occurrence of copper minerals in the field at large, and 
their relations to the rocks which inclose them, has come largely from surface 
examinations incidental to the study of the general . geolog}* of the district. It 
liHH been possible, however, to make these data the basis of some general conclu- 
Hions which may have a practical bearing upon the future development of the 
field. 

At the time the district was visited, in the summer of 1902, there were but 
two copper mines which contained known ore reserves, namely, the Doane and 
Ferris-Haggarty properties. A third mine, the Charter Oak, had formerly pro- 
duc4*d some ore, but was then abandoned, while the Kurtze Chatterton property, 
from which a few tons of good mineral had been taken, was also idle. 

In addition to the copper ores, others containing lead and silver had been 
shipped from the Meta mine, which is located just north of the Encampment 
district, between the forks of Spring Creek, and also from the Elkhorn mine, 
situated south of the area, near the Continental Divide. In the fall of 1902 
parties had taken a lease upon the last-named property with the intention of 
reopening it during the winter. 

ORES. 

Copper is the predominant metal of value in the ores of the district, though 
there are a few occurrences of lead-silver ores, and gold occurs either by itself 
in quartz veins or in variable but always small amounts accompanying the other 
metals. The copper minerals comprise chalcopyrite, bornite, chalcocite, and 
covellite and their usual alteration products, malachite, azurite, chrysocoUa, and 
cuprite. The metal occurs also in some instances in magnetic pyrites of iron or 
pyrrhotite, where it is usually accompanied by small amounts of nickel or cobalt. 
42 
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The silver-bearing ore is argentiferous galena associated with sphalerite and 
pyrite in veins of quartz carrying some calcite or carbonate of iron. 

PRIMARY AND SECONDARY ORES. 

The word primary is employed in this report to denote ores which do not 
show evidence of having undergone any mineralogical alteration since their first 
deposition, while ores which have resulted from changes in preexisting primary 
ores involving the formation of new minerals and the removal, concentration, or 
redistribution of their metallic ox)ntents, are termed secondary. 

Both primary and secondary ores of copper are found in the mines and prospects 
of the Encampment district, and the relations between the two may be clearly 
determined in certain instances, but in order to clearly present the significance of 
these relations some of the general characteristics of copper deposits, as they have 
been observed in other fields, will be briefly outlined. 

Many deposits of copper ore are represented at and near the surface of the 
ground by materials quite diflferent from those which form the productive portion 
of the ore body. The superficial portion of a vein often exhibits a mass of iron 
oxide, either spongy limonite or more massive hematite, mixed in varying propor- 
tions with minerals of a nonmetallic nature. Such surface cappings or gossans are 
frequently quite free from copper minerals at the surface, but as the rusty material 
is followed downward these are encountered, at first in small amounts, in the form 
of carbonates and silicate mixed with the iron oxide; and later, as the amount of 
these minerals increases, in the form of red copper oxide and black powdery 
sulphide. 

At greater depth the solid sulphides appear and the proportion of iron oxide 
decreases, until, after a mixture of the two is penetrated, the former occur either 
alone or accompanied by the copper minerals first encountered in the gossan. 

The ores occurring immediately beneath the oxidized surface capping are iron- 
bearing sulphides in some instances, while in others they are sulphides, such as 
chalcocite and covellite, which contain a high percentage of copper and little or no 
iron. In mining the high-grade sulphide ores, an admixture of the leaner sulphides 
is often encountered, and as lower levels are reached these gradually take the place 
of the richer ores, so that if the mineralization continues to a sufficient depth 
low-grade sulphides are always found. 

It may be stated as a rule that in regions of copper deposits gossan eventually 
leads either to chalcopyrite or to other ferruginous copper-bearing sulphides, 
whether rich sulphides occur between the two or not. 

The relations which have been outlined naturally suggest that both the gossans 
of copper veins and the rich sulphide ores sometimes occurring beneath them result 
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general saturation, which is usually termed the ground-water level, should lie 
very near the topographic surface, as is found to be the case. In traversing the 
area a large number of prospect pits were examined, and only rarely was standing 
water absent if a depth of 25 feet had been reached. In some places the water 
rises to within 10 or 15 feet of the surface, and as an average it may be safe to 
say that ground water is encountered at a depth of less than 30 feet. 

It appears also, at least locally, that the ground water has a lower as well 
as an upper limit, and though the opportunities for observation are extremely 
limited, it may be mentioned that in the case of the 80()-foot tunnel driven by the 
Battle Lake Tunnel Site Company, which attains a depth of nearly 450 feet under 
the north slope of Bridger Peak, the rocks penetrated were found to bo entirely 
dry, excepting that a single fracture yielding only a few gallons of water per 
hour was encountered. The material penetrated was a very homogeneous horn- 
blende schist belonging to the lowest bedded formation of the region, which is 
described in another place in the present report. In the case of the Beulah 
tunnel, which attains a considerable depth, only a very small amount of water 
enters the mine beyond the first 200 feet of the tunnel. Here l>oth diorite and 
quartzite are encountered. On the other hand, the Hidden Treasure tunnel is 
extremely wet, though the covering approaches 500 feet; but here distinct zones 
of crushing give access to surface waters. 

It is to be observed that the lower limit of complete oxidation, in the case 
of those ore deposits that have a distinct capping of gossan, coincides very closely 
with the natural level of the ground water as it was encountered in sinking upon 
the leads. 

GOSSAN. 

The surface capping of the ore bodies which have been thus far discovered 
in the region is usually composed almost entirely of spongy oxide of iron or 
limonite. 

At the Ferris-Haggarty mine there was a strong capping of spongy limonite 
containing no visible copper minerals. At the Doane mine green copper minerals 
were mixed with the limonite encountered at the surface, and continued to be 
present to a depth of 100 feet or more. 

From the fact that marked gossan was characteristic of these two mines, a 
general search has been made for other ferruginous surface indications in all 
parts of the region, and while several rusty deposits have been found, only a few 
of them have been thus far proved to denote the presence of copper ore, though 
it must Ik? remarked that adequate prospecting has been done in very few cases. 

The Hinton mine is located upon outcrops of rusty rock of some prominence, 
which, though differing materially in appearance from the gossan of the two mines 
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mentioned, was found to pass into practically undecomposed rock, highly impreg- 
nated with chalcopyrite at a depth of only 12 feet. 

At the Itmay claim, near the head of Roaring Fork, an ordinary limonite 
capping upon the surface led to the discovery of sulphides within a depth of 3 
or 4 feet. At this place and also at the Hinton property only small amounts of 
copper carbonates were found. 

A somewhat diflferent capping from the foregoing occurs at the Jesse, or 
Scott, prospect in Hog Park. Here there is pi-actically no spongy limonite, but 
there is a considerable amount of carbonate of iron and some bunches of red 
hematite, and the rock shows a good deal of decomposition and green copper 
stains. The work done is insufficient to prove that this material is the gossan of 
any considerable amount of copper sulphide, though it may be so» 

Still another type of ferruginous surface material which may eventually 
prove to be true gossan occurs on the Gertrude claim, located just north of the 
wagon road, about one-half mile east of Battle. At this place a bed of solid 
hematite from 2i to 4 feet in thickness occurs between strata of quartzite, which 
dip rather steeplj'^ toward the south. The deposit has been opened by an incline 
to a depth of 80 feet and found to be very homogenous and quite diflferent from 
the ordinar}'^ spongy limonite capping of sulphide veins. The red oxide of iron 
appears to be in a very pure condition and is reported to carry gold to the 
avei*age amount of $7 per ton. No copper minerals were detected in opening 
this deposit, but it is regarded as probable that it is a true gossan, which will 
lead to the discovery of sulphides at a yery moderate additional depth. However, 
the sulphides, if they exist, may be in the form of pyrites, and may not be 
found to carry important amounts of copper. Likewise, it may prove that the 
hematite was deposited in its present form, and that it is not the product of 
oxidation of an original sulphide. Nevertheless, it is one of the most striking 
evidences of mineralization at present remaining undeveloped in the district, and 
it is remarkable that the property has been allowed to lie so long without being 
completely proved. 

In this connection it should be noted that many occurrences of copper 
sulphide have been discovered which do not show any notable capping of oxidized 
material, and though such deposits of gossan as have been found do not continue 
to great depth, it is apparent that the presence or absence of oxidized material 
along the surface is likel}" to indicate very closely the nature of the underlying 
materials. In general it may be said that where gossan is absent and metallic 
minei-als are found the rocks inclosing them will prove to be very tight 
and impervious to water. In such cases the idea that the ore will necessarily 
increase in amount or value in depth is regarded as entirely unwarranted, while 
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in the case of deposits covered by a heavy oxidized capping it may be expected 
that rich sulphides will ordinarily occur, as at the Ferris- Haggarty and Doane 
mines, though from the instances which have been cited it is plain that a shallow 
capping may exist over deposits of chalcopyrite which have not been enriched 
to any important degree. 

DISTRIBUTION OF COPPER MINERALS AND ORES. 

Copper ordinarily occurs in the form of chalcopyrite, which is present in small 
amounts in every part of the Encampment district where pre-Cambrian rocks are 
found. 

The yellow sulphide of copper is of very frequent occurrence in the hornblende 
schists in the form of small segregations which commonly follow the platy structure 
of the inclosing rock. It is shown by the microscope to have crystallized at the 
same time as the minerals which make up the greater part of the schist, and since 
these are the product of recrystallization through regional metamorphism, as has 
been shown in another part of this report, it seems that the segregation of the 
metallic mineral accompanied this metamorphism and was a result of it. 

As a whole the hornblende-schists constitute a series of fairly homogeneous 
composition, and though they are metamorphic rocks, their original materials have 
been altered to practically the same extent throughout. These features may explain 
the formation of small bodies of copper sulphide distributed through this rock 
instead of larger local segregations of less frequent occurrence. At the time the 
rock was undergoing recrystallization metallic solutions had equal freedom of 
movement through all parts of its mass. The migrations of these solutions were 
only confined to definite channels under exceptional conditions, the presence of 
which has resulted in a few deposits of the Hinton type which promise some 
economic importance. 

The source of the copper in the sulphides of the schists is not known, but 
since the rocks in which the segregations occur appear to be the oldest in the 
district, it is possible that the metal was originally distributed through the surface 
volcanics which have been metamorphosed into the present hornblende-schists. 

The schists contain, besides the copper segregated during metamorphism, other 
deposits of copper-bearing sulphides introduced at dates corresponding to later 
mineralization which has affected the remaining formations of the region. 

In the pre-Cambrian sedimentary rocks copper minerals are of common occur- 
rence, and while often accompanied by (quartz in the form of small stringers, or 
more mrely in larger veins, the ore minerals also occur without quartz, particularly 
in zones where brecciation or schistose structure is conspicuous. It may be said 
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in general that the limestone and conglomerate have been less favorable for the 
deposition of sulphides than the quartzites and slates. 

Copper deposits in these rocks were doubtless derived from outside sources, 
having been introduced by water circulating through the surrounding formations. 
As also observed in the hornblende-schists, large segregations of sulphides are the 
exception, and for a similar reason, the nature of the rocks being such that very 
geneml circulation through them was possible — a condition which was generally 
unfavorable for marked localization in the movement of metal-bearing solutions, 
and consequently for the formation of important bodies of ore. Among the 
exceptions to this rule are the Doane and Ferris-Haggarty mines, where important 
concentrations of ore have been formed in the sedimentary rocks under special 
conditions which will be brought out in the description of these properties. 

In the dark intrusive rocks w^hich have been classified together as gabbros, but 
which are commonly called diorites, a minute amount of copper is invariably pres- 
ent, as has been shown by a considerable number of very careful tests which have 
already been referred to. The metal occurs in the freshest examples of the gabbro, 
as well as in portions which have been altered in one waj' or another, but the 
manner in which it occurs can not be detected by a most careful search with the 
microscope. The copper is regarded as an original constituent of the basic magma, 
and the gabbro intrusives are believed to he a real and adequate source for the 
visible segregations of this metal which have been formed since the gabbro invasion. 

The gabbro rock has been variously metamorphosed and weathered. In its 
fresher portions chalcopvrite is seldom observed, but in its altered representatives 
small amounts are very frequently to be detected, even in surface outcrops, and 
this mineral is especially liable to occur where even a slight amount of schistose 
structure is present, or where the silicate minerals of the rock have been hydrated 
through the action of circulating water. Secondary structures and metamorphism 
have l^en very irregularly developed, but both are general features to be observed 
in these intrusive rocks in all parts of the field, so that, as in the other formations 
which have been mentioned, the copper, though widely distributed, is seldom con- 
centrated to form important deposits. The absence of large segregations of ore is 
therefore again to be ascribed to the absence of well-defined or sharply localized 
structures which might have served as channels for circulating w^aters. 

The area represented on the map as red granite contains many surface indica- 
tions of copper, but this field has been less thoroughly prospected than have the other 
portions of the region. So far as observed the mineral does not occur in the granite 
itself, but always in associated rocks which have either the form of inclusions or are 
intrusive into the granite. 

The quartz-diorite is perhaps less prominently the host for copper minerals 
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than any other in the region, though it is not entirely- free from the metal. The 
sulphides which occur seem to be confined to veins which penetrate the rock, and 
impregnations of the rock itself, such as are observed in other formations, have not 
been noted. 

From the correlation of observations upon copper prospects in all parts of the 
field, it seems that the wide distribution of copper in small segregations throughout 
the various rocks and the rarity of large deposits is due to the fact that by what- 
ever process the migration of copper may have been brought about, penetration of 
the rocks was accomplished with practically the same ease in one place as another. 
This condition may be attributed to the general arrangement of the varying rock 
masses of the district in relatively narrow and highly inclined plates. Variations in 
the original composition, diflferences in the amount of metamorphism or in the per- 
fection of schistose structures have produced channels favorable to circulation, but 
these variations are so many times repeated that the effect has l>een to produce a 
large number of minor segregations rather than a few large concentrations. 

SOURCES OF COPPER. 

The dark-colored gabbro rocks which are present in all parts of the Encamp- 
ment region are regarded as the original source of a large part of the copper which 
occurs in the ores. Eighteen samples representing various phases of the rock, fresh 
and altered, w,ere tested by Dr. E. T. Allen in the laboratory of the Survey under 
conditions which preclude the possibility of the metal having been introduced from 
outside sources, and in each case copper was found to be present. Several of the 
samples contained nickel and cobalt, and chromium is present in some of them. 

A list of localities from which some of the rocks tested were collected is here 
given :^ 

5. Diorite from croppings near Jack Greek, above forks. 

6. Diorite, half way between Charter Oak and Home Fraction claims on Calf Creek Mountain. 
19. Specimen of fresh diorite from ridge on east side of west fork of Battle Creek, about 2 miles 

west of Verde mine. (See complete analysis given on page 32. ) 

117. Fresh diorite from the head of Beaver Creek, west of El wood post-office. 

133. Fresh diorite collected alx)ut three-fourths mile north of El wood i>08t-office. 

140. Fresh norite from Creede tunnel near north side of sec. 10, T. 14 N., R. 86 W. 

177. Specimen of fresh black diorite from Calf Creek Mountain, south of Charter Oak mine. 

185. Fresh norite near head of Cow Creek, three-fourths mile north of Bridger Peak. (See com- 
plete analysis given on page 32. ) 

188. Fi^esh diorite, locality near that of 185. (iSee complete analysis given on page 32.) 

195. Diorite from knob at 10,500 elevation, alx>ut one-half mile north of Bridger Peak. 

210. Fresh diorite from new adit, Ferris-Haggerty. Contains mere traces of copper, nickel, and 
cobalt. 



a For the deflnition of the rocks which arc called diorites in this list, see page 80. 
210a-No. 25—04 i 
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216. Fresh norite from Octavia tnnnel. 

290. Decomposed diorite, lower tunnel of Ferris-Haggarty mine. 

253. Fresh diorite, from cutting on wagon road about 1 mile north of Bachelor's cabin in head of 
Big Sandstone Creek. (See complete analysis given on page 32. ) 

362. Serpentine collected below the canyon of Big Sandstone Creek. 

In none of the rocks tested was it possible to recognize the presence of 
metallic minerals other than magnetite by microscopic examination, so that the 
metals may either enter into the composition of the silicates of the rock or 
may occur as sulphides included mechanically in the silicate minerals. If the 
tests had shown the presence of copper only in the metamorphosed phases of the 
igneoas rock, it might be argued that the metal had been introduced during 
alteration, but since both it and the nfckel and cobalt are also found in entirely 
fresh, unaltered norite, the fact that they were all present in the rock while it 
was still in a molten condition and when it was intruded may be accepted 
without serious doubt. Copper seems to have been universally present in the 
magma while nickel and cobalt occur only in the more basic phases. Traces of 
chromium were detected in four samples tested for that element. 

The gabbro rock is a sufficient and probable source for the copper occurring 
in most of the observed ore bodies, but, as shown in the discussion of the 
disseminated ores in the hornblende schists and in deposits of the Hinton type, 
certain segregations must have been formed prior to the invasion of the dark 
intrusives. 

Another independent and earlier source is therefore necessary for most of the 
copper in the schists. Nothing decisive can be suggested as to what this source 
may have been, for the schists appear to be the oldest rocks of the region. It 
is, however, entirely possible that the copper may have been derived from the 
same rocks from which the schists were formed. These were in large part 
basic igneous rocks, which, in the absence of contrary evidence, are as likely to 
have contained appreciable amounts of copper as the gabbros of later date. 

Of five examples of the gray quartz-diorites tested for copper three gave no 
reaction, while of the two which contained a mere trace one came from the 
vicinity of a known ore occurrence and the other was from a thin sill in the 
hornblende-schists, about one-fourth mile from the Creede shaft, with a good 
deal of mineralization noticeable in the vicinity. 

A sample of red granite from Huston Park gave no reaction for copper. 

OCCURRENCE OF GOLD. 

In the northern part of the area covered by the Encampment map and in the 
crystalline area beyond there are many veins of white quartz, and while some of them 
are of great size they all appear to be of lenticular form. Small amounts of pyrite 
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or chalcopyrite, or cavities which formerly contained these minerals, may occasion- 
ally be observed in them, but as a rule they do not contain sulphides in important 
quantities. It is reported that they all carry pfold, thoupfh certainly not in workable 
amounts. They were not considered of sufficient promise to warrant particular study 
during the present investigation. 

Free gold in quartz has been found in several claims located in Purgatory Gulch, 
but the veins are small and not continuous, so that they are regarded as of no 
importance. 

Mr. Frank O. Williams and Henry Jones, whose ranch is situated in the foot- 
hills of the Sierra Madre near Calf Creek, report the existence of gold-bearing 
gravels along nearly all of the streams which drain the northern slope of the range. 
The best placers are situated on Jack Creek and the head of Savery River, but 
though diflferent parties made several attempts to work them the gravels could not 
be made to pay. 

The existence of a sufficient amount of gold in the stream gravels to lead even 
to attempts at placer mining is indicative of its very general occurrence. However, 
much exaggeration exists concerning the universal presence of gold in all sorts of 
country rocks, samples of which are frequently reported to have given assays of one 
or two dollars' worth of gold per ton. The copper ores which have been mined do 
undoubtedly carry a small amount of the precious metal, which also occurs with 
such silver-lead ores as have been tested, but several assays of material in which 
sulphides could not be seen failed to reveal even traces of gold. 

Remits of assays of miscellaneous material for gold and silver. 
[Teste made by Dr. E. T. Allen.] 



Number. 


Gold. 


Silver. 


1 


Troy oz. per 
ton. 

0.36 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

None. 

.22 


Troy oz. per ton. 

Not tested. 
Not tested. 
Not teeted. 
Not tested. 
Not tested. 
Not tested. 
Not tested. 
Not tested. 
Not tested. 
Not tested. 

None. 
.24 
4.2 

None. 

None. 
Not tested. 
Not tested. 


2 


3 


4 


6 


6 


7 


8.....* 


9 


10 


11 


12 


13 

14 

16 


Trace. 

None. 

None. 
.02 
.05 


16 

17 
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1. Quartz vein from prospect in Purgatory Gulch. 

2. Quartzite from Sovereign claim in basin soutliwest of Bridger Peak. Reported to contain 
gold. 

3. Spongy vein quartz from tunnel 1 mile east of Victoria post-office. 

4 and 5. Two samples of rusty rock containing pjTite. Ground Hog claim, sec. 14, T. 13 N., 
R. 86 W. 

6-9. Material from sheeted dikes in quartz-diorite ci>ntaining stringers of (luartz and a small 
amount of chalcopyrite. Four samples from prospect holes on Fudges claims, sec. 6, T. 13 N,, 
R. 85 W. 

10. Sample from 200 feet of brecciated quartzite in Hidden Treasure tunnel, near Battle. 

11. Sample of pulverulent quartz stained with oxide of manganese from cavities in strong east- 
northeast fissure vein oj)ene<i by (>0-foot shaft near Continental divide, southwest ooruer seu. 10, 
T. 14 N., R. 86 W. 

12. Upper of two veins on Ajax claim, north slope of Dexter Peak. 

13. Lower vein, Ajax claim, north slope of Dexter Peak. 

14. Sample of jaspery vein material from Lost Soldier claim, west side of Encampment River, 
opposite Purgatory Gulch. 

15. Hematite stained with copper from Metal Chief claim of the Jesse group, in Hog Park. 

16. Copper ore from Hinton mine. 

17. Copper ore from Itmay shaft. 



CHAPTER II. 
CliASSIFIC ATION AND GEXER Ali DESCRIPTION OF COPPER DEPOSITS. 

TYPES OF OCCURRENCE. 

The present chapter is devoted to a general description of the copper deposits, 
apart from any discussion of their origin which forms the subject of the next 
chapter. 

Though there is a great variety in the manner in which the copper minerals 
occur, it is possible to refer them to a few types which have been named after pros- 
pects or mines in which their characteristics are well illustrated. 

HINTON TYPE. 

In this type of deposit, which has its best example at the Hinton mine, located 
7 miles south of Battle, chalcopyrite, sometimes accompanied by magnetite, occurs 
in zones of the hornblende-schists, which are characterized by a great deal of garnet 
and epidote in addition to the hornblende and quartz which ordinarily make up the 
mass of the schist. These minerals always render the zones somewhat conspicuous, 
and in some instances attention is further called to them by the presence of rusty 
material in their outcrop. Where this occurs it is probably in part a true gossan 
representing surface oxidation of sulphide ores, but it may be also produced by the 
weathering of masses of garnet, as may be observed in the croppings of the vein on 
the Hinton claim. 

The epidote and garnet zones follow the general platy structure of the schists 
and are locally accompanied b}^ thin strata of limestone and quartzite, and they may 
therefore be regarded as having been produced from intercalated beds of a more 
calcareous composition than those which were altered by recrystallization into horn- 
blende-schists, and by the same process of metamorphism. In so far as zones of 
this sort have been observed to be mineralized, the ore minerals are found per- 
meating the mass of the rock along some fairly distinct band within the zone, but 
there is no evidence of fractures nor an}^ open channels whatsoever along which the 
material could have been introduced. Studied under the microscope, the silicate 
minerals of the rock are found to be entirely fresh and undecomposed, and their 
grains interlock with those of the chalcopyrite or magnetite in such a way as to 
indicate that all of them were crystallized at the same time. 

53 
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Several zones of the Hinton type have been discovered within the area covered 
by the hornblende-schists, but promising amounts of sulphide ores have been 
encountered only at the Hinton mine. A prominent and persistent lode of this 
nature which has been opened on the Sun Anchor claim, located upon the north 
slope of Green Mountain, may be traced upon the surface for a distance of over 1 
mile westward into sec. 34, T. 14 N., R. 85 W. Location pits at several points 
along the lode reveal the presence of magnetite and chalcopyrite inclosed in schist 
composed of hornblende, epidote, and garnet. 

In other cases where an amount of rusty decomposed garnet associated with 
massive green epidote is found upon the surface the similarity to the Hinton lode 
is evident, though nowhere has sufficient explomtion been done to prove the pres- 
ence of sulphides. 

CREEDE TYPE. 

Because of imperfect exposures the studies of the Creede prospect were not 
sufficient to afford an accurate determination of the nature of the deposit. The 
relations of the sulphide mineml to the gangue material of the inclosing rock are 
similar to those observed at the Hinton property, both having crystallized at the 
same time, but the Creede deposit can not be classed with the Hinton type, since the 
distinguishing feature of the latter is the existence of a well-defined zone differing 
in mineralogical make-up from that of the general schist of the vicinity, and no 
zone of this sort exists at this place. The Creede ore is magnetic sulphide of iron, 
or pyrrhotite, which carries copper, nickel, and cobalt, and with it there is mixed a 
small amount of chalcopyrite. The sulphides occur in an unusually coarse gi*anular 
phase of the hornblende-schist near an intrusive mass of norite, and it is suspected 
that they occur at the actual contact of the two rocks. Neither the surface outcrops 
nor the workings of the mine serve to indicate whether the deposit has a definite 
form or not. The coarse hornblende rock seems, however, to be limited in extent, 
and the finer-grained schists in the vicinity do not seem to have been mineralized by 
sulphides. 

In the vicinity of the Creede, but u^ally at a somewhat greater distance from 
the mass of norite, there are several openings in the calcareous schist showing the 
presence of pyrrhotite in small amounts. This mineral seems to be almost entirely 
confined to deposits of sulphide adjacent to this particular mass of intrusive rock 
and is rarely present elsewhere in the region. 

CONTINENTAL TYPE. 

The type of deposit which has been named from the Continental claim, situated 
in the vicinity of the tramway transfer station upon the south side of Cow Creek, 
is characterized by well-defined veins of quartz accompanied in some cases by calcite 
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or siderite and in others b}^ feldspar, and contains sulphides which were deposited 
at the same time as the gangue material. 

In the case of the Continental, and certain other prominent examples of the 
type, the veins follow openings along the schistose or platy structure of the rocks 
which inclose it, while in other instances the}'^ occupy strong fissures which are 
transverse to the general trend of the country rocks. 

CASCADE TYPE. 

At the Cascade property, situated on the west side of Encampment River above 
Purgatory Gulch, chalcopyrite occurs in a vein or dike of pegmatite composed of 
feldspar and quartz. In its general relations as observed upon the ground the 
deposit resembles the Kurtze Chatteiton veins, which are classed with the Continental 
type, but examination of the ore under the microscope shows it to be distinct, since 
the gangue and the ore were not formed at the same time. The minerals of the vein 
are shattered and more or less brecciated, and the fractures are filled in with chal- 
copyrite and a small amount of quartz, both of which are therefore later in origin 
than the matrix in which they occur. 

The Cascade vein is the only example of this type which was observed. 

DOANE TYPE. 

The ores of this type, which is commercially the most important occurring in 
the field, are mainh" composed of the rich sulphide, chalcocite, mixed with a variable 
amount of chalcopyrite, and sometimes accompanied by covellite and bornite, or by 
oxide and carbonate minerals. 

The two prominent examples of the type are seen in the Doane and Ferris- 
Haggarty mines, in both of which a strong gossan containing little or no copper 
marks the superficial portion of the lodes, and immediately beneath this the richest 
ore is found, a gradual decrease in value being observed as the ore bodies are 
followed downward. 

This decrease in the valuable contents of the vein arises from a gradual increase 
in the proportion of chalcopyrite to chalcocite as depth is attained, the former min- 
eral containing when pure only about 34 per cent of copper, while the latter carries 
nearly 80 per cent of the metal. 

The manner in which the ore bodies occur is similar in both of the mines men- 
tioned. The lodes follow the bedding of sedimentary quartzites very closel}^ as a 
rule, and are invariably marked by a good deal of brecciation, the ore mainly 
occupying the spaces between fragments of the country rock. 

The distinguishing characteristic of the Doane type is the presence of chalcocite 
as the principal ore mineral, which is regarded as an indication of the secondary 
derivation of the deposits, in accordance with the definition of primarv and secondary 
ores given on page 43. 



CHAPTER III. 

GENESIS OF THE COPPER DEPOSITS. 

TABULAR SUMMARY. 

The origin and sequence of deposition of the different ore types which have 
been described form the subject of the present chapter, the conclusions of which 
are exhibited in the following table: 

Relations of types of copper ores. 



Type. 


Formatiou. 


Process. 


Period. 


Hinton 


Horablende-schist. . 
Homblende-tfchigt. . 
All rocks 


Regional metamorphisni 

Contact impregnation ! 

Deposition from circulating 
waters. 


1 
2 

3 


Creede 


Continental 


Cascade 


Pegmatite diken 

1 

Quartzite ! 

All rocks 


Doane 


Barren quartz veins 





The discussion of the genesis and relative age of the ores will be given under 
four heads, corresponding to the periods of segregation given in the table and 
the subsequent period of secondary enrichment. 

DEPOSITION OF THE FIRST PERIOD. 

Origin of the ores. — Zones of intense metamorphism, of which the Hinton 
lode is the type, are confined, so far as has been observed, to the metamorphic 
hornblende-schists. It is regarded that they, and the ores which they contain, 
are of contemporaneous origin with the general recrystallization of the rocks in 
which they occur, and that the ores, therefore, originated during regional meta- 
morphism at a very ancient period, prior to the Cambrian. 

The main features of the metamorphic zones or lodes which, considered together, 
lead to the above conclusion are as follows: 

(a) The zones bear no observable relation to the presence of igneous rocks 
which may occur in the same general region, and where the schists are cut by 
intrusives no distinctive contact minerals are developed. Therefore they can not 
be attributed to contact metamorphism. 
56 
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(J) The lodes are not separated from the inclosing schists by gouge nor by 
distinct walls, so that they can not be filled fissures. 

{c) There are no veinlets of quartz or other mineral which appear as though 
filling cracks in the rock, showing that the zones have not been fractured and 
aftei*wards cemented by mineralizing solutions. 

(d) The lodes invariably follow the stratification of the original rocks, which 
is found to be parallel to the present platy structure of the metamorphic schists. 
The structure thus controls their direction. 

(e) Examined in detail the material of the lodes themselves is found to be 
schistose, through the arrangement of the component minerals in parallel planes. 
A considerable amount of hornblende similar to that of the inclosing schist is 
usually present in the zones, and epidote, which is particularly associated with 
the ore, occurs in smaller amounts throughout the country rock. The lodes seem 
therefore to form an integral part of the schist series, and they are regarded as 
having been formed by the same causes and at the same time as the remainder 
of the series. 

{y) The beds involved in the mineralized zones must have diflfered in their orig- 
inal composition from the mass of the rock which has produced the hornblendic 
portions of the schist. This is ^hown in all cases b}^ the preponderance of 
epidote and garnet, both of which indicate a high proportion of lime in the 
material from which they were derived. Furthermore, at the Hinton property 
a stratum of fairly pure crystalline marble, and another of quartzite occurring 
in the midst of the lode, bear out the deduction that the distinct character of 
the present mineralogical aggregates is merely an expression of original dilBfer- 
ences in composition. 

(g) The metallic sulphides are shown by the microscope to have crystallized 
contemporaneously with the silicate minerals of the rock. The metallic sub- 
stance must therefore have been introduced at the time of metamorphism when 
the original materials of the present schists were being formed by recrystallization. 

Source of the copptn\ — The hornblende-schists are regarded as the oldest rocks 
now exposed in the region which has been examined. When they were recrys- 
tallized the basic gabbro rocks which now cut them had not invaded the field, 
and therefore could not have furnished the copper which the}' contain. Neither 
does it appear that the copper could have been derived from any of the siliceous 
rocks now occurring with the schists, since apart from the probability that these 
are also of later origin than the metamorphism of the schists, they are not 
characterized by the presence of copper minerals of earlier origin than the gab- 
bro intrusives. It is therefore believed that the copper which the schists now 
contain, so far as its minerals are of contemporaneous origin with their meta- 
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morphism, was probably derived from the original rocks from which they were 
formed. This point is, however, beyond proof since the hypothesis that the 
copper was introduced from another unknown source can not be controverted. 

DEPOSITION OF THE SECOND PERIOD. 

The origin of the Creede ore deposits remains in doubt, through the impos- 
sibility of making adequate observations, because of imperfect surface exposures, 
and because the shaft was filled with water at the time the property was visited. 
Occurring in the hornblende-schist series, it might be anticipated that the deposit 
was formed in the same manner as the ores of the Hinton lode. However, the 
ore mineral is different, and its possible genetic relation to the near-by norite 
must be considered. The age of the deposit is regarded as pre-Cambrian. 

From the material which has been taken from the shaft it is seen that 
pyrrhotite and chalcopyrite occur in a mass of coarsely crystalline hornblende 
rock containing a small amount of quartz. No other minerals are present in the 
ore, though epidote occurs in the rocks which outcrop near by. The ore and 
gangue minerals are of contemporaneous origin, as in the case of the Hinton 
type, but the crystallization does not certainly date back to the original meta- 
morphism of the schist, for a second recrystallization may have been cAused by 
the intruded norite, which could at the same time have furnished all the elements 
of the ore, including the cobalt and the nickel. It is regarded as most likely that 
the deposit is an instance of segregation during contact metamorphism locally 
manifested. 

If the Creede ore was formed in this way, it is not at all unlikely that other 
deposits of sulphide minerals were formed in various rocks adjacent to masses of 
the dark intrusive rock, by direct impregnation through the emanations from 
the cooling magma, but the main r61e of these gabbro rocks has been to furnish 
metallic elements to the circulating underground waters, which appear to have 
been most efficient during the time which has elapsed since their invasion of the 
pre-Cambrian sediments. 

DEPOSITION OF THE THIRD PERIOD. 

Origin of the ores, — A common origin by aqueous deposition is assigned to ore 
deposits which can be classed under the already described Continental, Cascade, 
and Doane types, for though these differ greatly among themselves, they all 
occur in veins which follow channels of easy circulation defined by structural 
breaks, such as joint fissures, planes of schistosity, or zones of brecciation. 

Some of these channels may have existed previous to the invasion of the 
gabbro rocks, which are regarded as the main source of the copper occurring in 
the water-deposited veins, but others, as, for Instance, the prominent north-south 
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fractures in the vicinity of the Ferris-Haggarty and Doane mines, are certainly 
later than the intrusion of the basic rock, since they occur indifferently in the 
igneous rock and in the inclosing formations. All of them were probably filled 
subsequent to the gabbro intrusion. 

At present no date can be confidently assigned to the vein phenomena of 
the third period, because data for determining the geologic events of Paleozoic 
time are incomplete, all sedimentary formations below the upper Carboniferous 
being entirely missing in this part of the Rocky Mountains. In the Encamp- 
ment district the oldest sedimentary formation resting on the ancient metamor- 
phosed rocks which contain the copper deposits are the Triassic Red Beds, and 
since none of the fractures of the older rocks corresponding to those which 
carry ore were found passing upward into these strata, the primary vein segrega- 
tions are regarded as older than Triassic. In the Elk Mountains, some 30 miles 
north of the Encampment district, upper Carboniferous strata occur; but though 
the general geology of the region shows that there was gradual sinking which 
allowed the Triassic beds to overlap, there is no reason to suspect that fracture 
systems could have been formed and filled after the deposition of the Carbonifer- 
ous and before the Triassic was laid down. 

Concerning the interval between the upper Carboniferous and the beginning 
of Cambrian time, no direct evidence exists, and it would be extremely difficult 
to prove that the deposits were not formed some time during the Paleozoic. 
However, this is not regarded as probable, since in the Rocky Mountain region 
of the United States no ore deposits are known to have been formed during 
Paleozoic time, and in general the geologic history of the Rock}" Mountain 
province is known to have been similar throughout. On the other hand, pre- 
Cambrian gold deposits occur in the Black Hills of South Dakota, and there is 
strong evidence in favor of a like age for the copper deposits near Salida, 
Colo., so that a certain analogy exists between the Encampment deposits and 
other ore occurrences in the ancient metamorphic complex of the Rocky 
Mountains, suggesting the possibility^ that the former, like the latter, are of 
pre-Cambrian origin. 

Source of the copper, — The copper and other metallic elements which occur 
in deposits formed since the intrusion of the gabbro masses are regarded as 
having been derived mainly from these basic igneous rocks. These are obviously 
a possible source, since they invariably contain appreciable amounts of copper, 
and, in many cases, cobalt and nickel as well, as has been shown by a 
considerable number of tests which have been referred to on page 49 of this 
report. All the other rocks of the region are much more siliceous, and 
consequently less likely to contain even small amounts of any heavy metal 
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excepting iron. Also in the few tests which have been made they are found 
not to contain sufficient copper to be revealed by chemical tests upon ordinary 
amounts of material. 

SECONDARY ENRICHMENT OF THE ORES. 

Several of the copper deposits of the Encampment district yield high-grade 
ores composed very largely of copper glance or chalcocite. This mineral, where 
it occurs in large amounts in other fields, is regarded as having been derived from 
the enrichment of ore bodies originally of poorer grade, through the leaching of the 
copper contents from the upper portion of the deposit by surface waters, and its 
concentration b}' redeposition in a deeper part of the vein. The changing nature 
of the deposit from above downward, where such secondary enrichment has 
occurred, has been described on page 43, and in the Doane and Ferris-Haggarty 
mines the sequence of the gossan, the high-grade ores, and the leaner sulphides 
corresponds completely with the normal conditions. It is therefore believed that 
the ore deposits in these mines, and also certain others in the district, have been the 
result of concentration of primary ores by the percolation of surface waters through 
the veins. In both the mines mentioned the ore occurs as a filling in brecciated 
quartzite, and from their nature the ore bodies form ready channels for circula- 
ting water. Both mines are also very wet, showing that conditions favorable to 
leaching and redeposition still exist. 

The occurrence of secondary ores at some places, and their absence at others, 
may be attributed entirely to differences in the texture of the veins and country 
rocks. Where these have been loose and open concentration of primary ores has 
taken place, and where they have been tight and impermeable no leaching has been 
possible. 

The secondary concentration now observed probably began after the topography 
of the region had reached practically its present development, and the period during 
which it has been going on is therefore regarded as very recent. 



CHAPTER IV. 
mi:nie descriptioxs. 

DOANE MINE. 

Location and d^velopmeyit, — This property was formerly known as the Rambler 
mine, a name which is now applied to the town and post-office near which it is situated, 
in the upper part of the valley of Battle Creek, about 2 miles below the Continental 

Divide. 

The surface indication of ore was a strong iron cap 
or gossan considerably stained by carbonates and silicate 
of copper, which was followed b}" an inclined shaft to a 
depth of 75 feet, where red oxide and copper glance or 
chalcocite were encountered. A crosscut tunnel, 260 feet 
in length, was then driven to cut the vein at a depth of 
125 feet, the ore was stoped out to the surface, and a 
chamber excavated for the installation of a steam hoist, 
by means of which a shaft has been sunk to a further 
depth of 190 feet. There are crosscut tunnels at 115, 
140, and 190 feet, respectively, and an exploration drift 
about 160 feet long westward from the lowest tunnel, 
with a 50-foot crosscut northward from its terminus. The 
relation of these workings may be seen from the sketch 
plan drawn from the writers notes (fig. 2) and the cross 
section (fig. 3). The main ore body has been encountered 
in the workings of each level, and the ore between the 
levels, which was found to be practically continuous, has 
been stoped out. At the time of visit a winze from the 
lowest level had proved the presence of ore to a farther 
depth of 50 feet, and in April, 1903, this had been continued 
to a total depth of 287 feet below the tunnel level. 

The tunnel at the 115-foot level is approximately 140 feet in length. By means 

of it the main ore body was opened, and two others were encountered 100 and 135 

feet north of the shaft, and these have been stoped out, as shown in the cross section 

of the mine (fig. 3). 
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Fig. 2. — Doane mine; sketch plan 
of workings. E, mouth of adit; 
S, shaft: 1. discovery; 2-6, main 
ore shoot in different levels: 
7-10, additional ore shoots on 
115- foot level; 11. copper-ntained 
fissure in quartzite. The stopes 
are represented approximately 
bv dotted lines. 
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The workings of the mine are approximately as follows: 

Lengths and depths of mine workings. 

Feet. 

Tiinnels and drift 975 

Shaft 190 

Stopes 715 

Total 1,880 

Upon the claim adjoining the Doane property upon the west similar ore bodies 
have been found, but the workings were not accessible for examination. 

N 







|/t/| Stopes 



Fio. 3.— Doane mine; sketch projection of workings on vertical plane through shaft at right angles to stratification. 

Numbers of stopefl correspond to those in fig. 2. 

Country rock, — ^The rocks in the vicinity of the mine are quartzite and diorite of 
pre-Cambrian age. The quartzite is of rather uniform composition, and though its 
separate strata are very distinct, they do not usually alternate with beds of schist, as 
in the Ferris-Haggarty. In the tunnels which cut across the formations, practically 
no other rocks than quartzite are to be seen, excepting in the northernmost workings, 
where diorite is encountered on the 190-foot level, and in the tunnel located several 
hundred feet to the south, which has not been connected with the mine, where diorite, 
shale, and limestone were noted. 

The strike of the country rocks is nearly east and west, and they have a 
fairly uniform dip of from 65^ to 75^ toward the north; that is, in the opposite 
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NB2"^ 



direction from the ordinary or normal dip of the i^tratified rocks in the district 
at large. 

Jointing of country rock\ — ^Throughout the mine the rocks are broken by 
several sets or systems of joint fractures. These are less marked in the diorite 
than in the quartzite, where, in combination with the planes of stratification, they 
have produced zones of brecciation in the brittle country rock, some of which have 
lieen filled with metallic sulphides by deposition from mineralizing solutions (figs. 
7-12). In fig. 4 the general course of the principal fractures as locally observed are 
given. 

The set of fractures which is usually the most pronounced follows the stratifi- 
cation of the quartzites, striking ^ 
nearly east and west and dipping 
steeply toward the north. 

A second set of constant occur- 
rence and marked development 
trends directly across the strati- 
fication, striking a few degrees 
east of north and west of south 
and invariably dipping toward 
the west at steep angles. 

A third set of joint fractures 
which is commonly developed 
trends somewhat to the north and 
east, making an angle of from 
zero up to 15^ or 20^ with the 
strike of the rocks, but having a 
steep dip in the opposite direc- 
tion; that is, toward the south. 

Of somewhat less importance, but still often to be observed, is the fourth set 
of joint planes, striking nearly with the strata and dipping steeply toward the 
south. 

Breaks in still other directions are to be noted in various parts of the mine, 
but the main fractures may ordinarily be referred to one of the four systems 
enumerated. Throughout the workings all or several of them combine in various 
degrees of perfection to divide the quartzite into small blocks, and where move- 
ment has been especially localized the rock is very much brecciated. 

The ore. — ^The principal ore mineral produced by this mine has been chalcocite 
or copper glance, though chalcopyrite, bomite, and a little covellite also occur. 
In the upper workings the red oxide cuprite, the carbonates malachite and 




Fio. 4.— Doane mine; diagram to show strike and dip of principal joint 
systems. The dips given were observed in stope 7. Relative im- 
portance of fractures indicated by width of lines. 
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azurite, and the silicate chrysoeoUa were found in some abundance, but these are 
unusual below the tunnel level. Pockets of a soot}' mineral which has been called 
black oxide are reported to occur, though this is probably chalcocite in a finely 
divided condition, and not the copper oxide known as melaconite, which is a 
comparatively rare mineral. 

There is ordinarily no gangue excepting the quartzite, which incloses the ore 
unaccompanied by nonmetallic vein minemls, though kidneys of ferruginous jasper 
sometimes occur. The chalcocite, mixed with varying amounts of chalcopyrite 
and bornite, is usually massive and by hand sorting produces a high-grade ore. 




Fig. 5. — Doane mine; stereogram representing main ore body. The ore body follows a bed of quartzite, but has an 

independent dip toward the west. 

Occv/rrervce of the ore, — The occurrence of the ore depends in two ways upon 
the presence of fractures in the quartzite. In the first place, they have furnished 
channels for the movement of underground waters; and in the second place, b}^ 
causing local brecciation, they have formed openings in which the ore has been 
deposited. 

Mineralized zones of brecciation forming ore bodies have been discovered at 
three distinct horizons in the quartzite, and, except in one case, the}" follow the 
stratification of the bedded rocks very closely, as is illustrated in the north-south 
cross section of the mine workings and country rocks (fig. 3), in which the relation 
of the ore shoots to the inclosing quartzites is shown. 

The blocks of broken rock in which ore has been formed may be described as 
pencil shaped, or as approaching the form of elongated prisms (fig. 5), the sides 
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Thev have produced a t''«.G-i>o'*"«»nim:pn>- 

* jection of main ""' 



of which confonn in different portions of their length to the various joint 
systems observed in the inclosing rocks. The structures which ordinarily and for 
the longest distances form the boundaries of the ore bodies are 
the actual bedding planes, or the fractures parallel to the strati- 
fication and those nearly normal to it. Thus, the ore bodies dip 
to the north l)ecause they follow the north-dipping strata, but are 
carried to the west as they gain depth because the north-south 
fractures dip in that direction; they therefore pitch toward the 
northwest as a resultant of these two dips. This relation is well 
exhibited in the plan of the mine (fig. 2), in which the main ore 
shoot is seen to lie successively farther to the northwest in the 
different levels from above downward.'' The same feature is 
also shown in the stereogram (fig. 5). The dip toward the 
west, independent of the bedding, is shown in the diagram (fig. 6) 
representing the general form of the main ore shoot as it li<»s 
in the stratification. 

In the case of each ore body the westerly dipping north- 
south fractures are always in evidence 

large part of the brecciation, as already stated, and frequently 
form the east and west boundaries of the ore, as illusti'ated in 
b Be ^^^ diagrams 

(figs. T, 11, 
12). Fur- 
thermore, it is nott^worthy that 
a horizontal line joining the 
centers of the different ore 
bodies, as, for instance, upon 
the 115-foot level, has nearly 
the same general trend as the 
strike of these fractures, so 
that they are probably all sit- 
uated upon the same zone of 
sheeting, along which mineral- 
izing solutions have been in- 
troduced. 

The north-south fractures 
are regarded as the channels 
along which ascending mineral-bearing solutions were introduced because in 
several places in the stopes of the mine ore is found to penetrate the country 
rock of the foot wall along them (fig. 7). 

«The p<Mition of the surface outcroi> in estimated, while the other lo(^ations are known to be relatively corr*?ct. 
2100— No. 25—04 5 




ore 

body on plane of ntnit- 
iflcntion in quartzitcs, 
and at right angles to 
section shown in tig. 3. 
The drawing shows the 
independent dip of the 
ore body from east to 
west. 



Fio. 7.— Doane mine: horizontal section of ore l)ody in stope 9 al>out 25 feet 
above ll'y-hyot level, showing relatiim of ore IxKly to the layers of 
quartzite and the north-south fractures, aa, stratification; bb, north- 
south cross fractures. Compare with figs. 11 and 12. 
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lii tin I firrw-Sa^gjctrtv mine the relatioDD of Mmilar f rBctures to the ore body 
uT^ lilnjom icknrii'al. .tmi it .^eein.H tFiat in Uith OMen ore hiw been deposited where 

zones of north-and .s^mtb .^heetinfr of the rock intersect 
with .similar zone.s following the nearly eaM-west bed- 
ding of the .<*trata. producing localiv intense breccia- 
tion. Fractures belonging to other sets less promi- 
nently developed have added their effect to the 
suYidi vision of the more or le:^ rectangular blocks 
formed by the intersection of the main systems, and 
have produced many minor irregularities in the shape 
of the ore bodie?*. 

As a rule the ore appears merely to fill the open- 
ings in the quartzite breccia* but in some instances 
the quartziti; s«^ems to have been dissolved away and replaced by the sulphides (fig. 8). 
In the following table some of the dimensions of the main body are given: 

Dimnuru/tui of main tjre f/ody in Doane mine. 




f'j* 4 — £rAA(% mlrur »kt:U:h iihoiring re- 
jur^x* 'Y f^r^ to infUMns( rrtrk. pu>p«: 9. 
7h*> r,n ti^f^xr* noAinly at tho Intfrw^r- 
"if.r. fd ^<#<l«lirijr And out^ Imn-xwr*^, »i>- 
{AT*ni\j hAvinf- t^AAtrf^X the qiiArtzittr. 





Width eut 
and west. 

Ftei. 
rnknown. 
25. 
30 
25 
25 
38 
18 
23 


Tbickntfw. 


Depcb. 


Surfa<t» 


Ftft. 
........ 


Forty feet above tunnel 

Tunnel 

Firnt level 




85 


3-6 

5 
4 

2-6 

1 

'•"! 

i 


125 
245 
270 
320 
345 
370 


Second level 


Thin! level 


Winze 


Winze 


Bottom 


412 




- ^ 




1 





Between tiie different levels the dimensions vary, showing considerable 
irregularity in the size and shape of the ore body, but the latter is reported to have 
been continuous from the gossan to the lowest point thus far reached. The general 
shape of the body in an east-west section, following the stratification of the quartzite, 
is siiown in fig. 6. 

In the case of all of the ore bodies thus far encountered, both the foot and 
hanging wall arc very irregular, and often steppy, a condition which arises from 
the fact that the ore may be limited either by bedding planes or by joints, now 
one and now the other (figs. 10, 12). 

Other ore l>odies than the main one, which was the first discovered, have the 
same general characteristics. The one marked 3 in the plan was discovered by 
followinjr a small green-stained seam which cut the tunnel on the 115-foot level. 
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This ore shoot is separated from the main body in the same level by a little more 
than the width of the tunnel, and while there may be a narrow fracture connecting 
them, such could not be traced at the time the mine was examined, and it is apparent 
that the eastern body lies at a slightly lower horizon in the quartzite. It has been 
stoped to a height of 45 feet above the tunnel and found to have an average width 
and thickness of about 3 feet each. 

At the points marked 7 and 8 on the plan (fig. 2) there are two stopes which 
connect at the level of the 115-foot tunnel, but diverge upward. The southern one 
(No. 7) follows the inclination of the beds of quartzite which inclose the ore, while 
the other (No. 8) is nearly vertical. The former stope, representing approximately 




Fig. 9.— Doane mine; dlHtn^mmatic cross section in lower portions of stopes 7 and 8, showing occurrence of the copper 
sulphides in brccciated quartzite formed along intersecting joint systems, (ui, bedding planes and parallel joint 
fractures; 66, strong system of joints; cc, NulK)rdinate joints; distribution of sulphides indicated by stippling. 

the dimensions of the workable body of ore, is 30 feet long on the incline, 20 feet 
wide near the bottom, and from 3 to 5 feet across. Stope 8 is 80 feet high, 12 feet 
wide from east to west, and from 2 to 5 feet across. 

Fig. 9 is a diagrammatic section of the lower portions of the ore bodies in 
stopes 7 and 8, near the 115-fo<)t mine level, showing the relations of three of the 
four prominent systems of joints which are there developed. The fourth system 
strikes nearly north and south and is therefore nearly parallel with the plane of the 
section, so that it does not appear in the drawing. In the vertical stope the hour- 
glass form shown in the diagram just mentioned, which is due to the presence of 
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intersecting joint planes, is repeated neveral times, so that the ore alternately widens 
and pinches as illustrated in the general north-south section of this ore body and 
its neighbor given in fig. 10. The ore shoot has a similar form in an eaist-west 

direction, as shown in the horizontal 
sketch section or plan (fig. 11), on which 
the north-south fractures also appear. 

AlK)ut 35 feet north of stoiK\s 7 and 
s two ore shoots were encountered which 
(X'cur in the same beds of quartzite, but 
are separated along the strike by about 
25 feet of barren rock. The relative 
positions of the shoots at the 115-foot 
level are shown in the horizontal plan 
(fig. 2), while their attitudes in i-egard 
to one another in the stratification are 
exhibited in fig. 12, which shows also 
the manner in which the ore bodies 
follow the westward dipping north-south 
fractures, which are more closely spaced 
opposite the ore shoots than elsewhere. 
A horizontal plan of the eastern shoot 
representing diagrammatically the origi- 
nal conditions al)out 25 feet above the 
tunnel level is given in fig. 7. In this 
stope there is almndant evidence of the 
important rcMe which the north-south 
fractures have played in the formation 
of the ore, for besides constituting very 
well-defined end walls, they sometimes 
contiiin ore, and have every appearance 
of having been feeders, by means of 
which mineralizing solutions were intro- 
duced into the loose material in the 
I^YsVm¥aflfMN|Y \^-Vr^>^^SS hreociatcd zone. The easten, shoot (No. 
"2 |/>reeT ^^ ^^ ^j^^^ plan) has been worked by an 

Fi«. 10.— Doane mine; vertical north-south Mcotlon through . , cav ^ i. ' i, ' \.j. Ji 

8topcs 7 and s. showing relation of ore channels to intersect- OVerhcacl stopC, Hi > tcct in height, and by 

ing system of joints. Compare with flgs. 3. 9. andii. ^^^^ underhand stopc 25 feet deep; the 

western (No. 10 of plan) by an overhead sto^x* for a distance of 40 feet on the 
incline, and b}' a shallow pit belo\\ the tunnel lev<»l which shows scmie ore. 

Both shoots pitch toward the northwest in accordance with the general rule 
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that the ore bodies follow the intersection of the northerly dipping stratification 
with the north-south fractures which dip toward the west. 

(fefii^is of tJw. ore, — From the preceding descriptions it will lie be seen that 
the ore bodies occur in brecciated masses of the (juartzite which forms the immediate 
country rock, and while there are zones of broken material which are not mineralized^ 
in those cases where sulphides have been deposited, joint planes belonging to a 
north-south striking and westerly dipping system are particularly in evidence. 
They are prominent as rather dose-set fractures sometimes filled with ore, or form- 
ing the end walls of ore b<xlies, or again through the invariable tendency w^hich the 
ore shoots have of following the line of their intersection with the bedding planes 
of the quartzite. These north-south fmctures correspond ver}^ closely, in their 
relations to the ore bodies, to those of 
the Ferris-Haggarty mine, and their 
significance is believed to be the samt^ 
in both cases. 

Adjustments within the mass of 
the quartzite seem to have caused a 
greater amount of movement along 
the transverse fractures than along 
any other structural surfaces, with the 
probable exception of the stratification 
planes, where any motion would be 
readily accommodated and its direc- 
tion naturally controlled by the het- 
erogeneity of the separate rock layers. 
Other joint systems are sometimes im- 
portant elements in the brecciation of 
the quartzite, but these two are al- 
ways the factors which control the 
direction of the zones or bands of 
broken rock whenever they are min- 
eralized to any important degree. 

It is also along the north-south fractures that mineralizing solutions, l)y means 
of which the primary ore deposited in the brecciated zones was intnxluced. seem 
to have been in general circulation. WhiU* more detailed studies than have 
been made would be required to settle the iK)int with certainty, it seems that the 
mineral-bearing solutions were ascending solutions, for while north-south fractures 
filled with ore seem to occur south of the on* bodies — that is, in the country rock 
fonning the foot wall — they were nowhere seen to ))e filled above the ore horizon in 
the quartzite of the hanging wall, a relation which suggests that circulating solutions 




Fui. 11.— Doaiie mine; horizontal plan throiijfh stoi)es 7 ami 
s, Hhowing rt'lation of ore to fractures and bedding of 
tiiiartzitc. ««, bedding planes and parallel joint fraetures, 
dipping nr)rth; hh, strong system of south dipping joints; 
cc, important north-south fractures with steep dips toward 
the west. 
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tending upward in the fissures were totally deflected into the bre^cciated zones 
wherever they were encountered. 

Direct evidence in regard to the source of the copper was not secured, but the 
fact that the metal is so universall}' present in the basic intrusives, which are found 
in all parts of the field, as already brought out in the general discussion upon an 
earlier page, seems to warrant the belief that it has been derived from these rocks. 

Tliat the ore shoots as first formed consisted of chalcopyrite can hardly be 
doubted, })ecause the derived or secondary nature of the chalcocite ore is evident. 
In almost any specimen selected at random grains of yellow chalcopyrite are found 
embedded in a mass of the dark coppe^r glance, and specimens of low-gi*ade material 




Fig. 12.— Doaiie mine; section parallel to Htratlfication of qunrtzile through etopes 9 and 10, showing relation of ore 
shoots to zones of close jointing, which strike nearly north-south and dip steeply toward the west. Brecciatlon in 
these shoots is principally controlled by the intersection of these fractures and the l^edding planes. Other less impor- 
tant fractures are present though not represented in the diagram. The bedding of the quartzite, which corresponds 
with the plane of the paper, dips toward the north. Compare with drawings of the main ore body In figs. 5 and 6. 

from the wall rock in which to the natural eye the quartzite seems to be specked 
with chalcocite are found, when examined under the microscope, to contain both 
chalcopyrite and chalcocite, the former being confined to the centers of the ore 
specks and entirely surrounded by the latter. The chalcocite has been derived from 
the primary chalcopyrite through leaching and redeposition by surface waters per- 
colating through the ore bodies, and to the fact that this alteration has taken 
place the richness of the Doane ore is to be attributed. 

The ore occurs mostly as a tilling or cement in the quartzite breccia, but in some 
cases it seems to be partly interstitial and partly a replacement of the quartzite, as 
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though the luiDeralizing .solutions had dissolved and carried away the quartzite near 
the channels of circulation and deposited the ore in its place (see fig. 8). 

Future of the property. — Gradual improvement with increasing depth is not 
commonly observed in mines where rich secondary sulphides form the principal 
ore, and it is therefore to be expected that, as they are mined downward, the ores 
of the Doane mine will decrease in value. There can be little doubt that the 
ore which has already been taken from the lower workings contains a smaller 
percentage of copper than that from some of the higher levels, for, though no 
studies based upon assays have been made to bring out this relation, there is a 
notable increase in the proportion of chalcopyrite and a corresponding decrease 
in the amount of secondary chalcocite, which is quite sufficient to show this 
tendency. Accepting this as true, the richer sulphides will sooner or later give 
place to chalcop3"rite ores of comparatively low grade, which, though they could 
possibly be worked in connection with richer ores, might not be able to bear 
the expense of operation alone. For these reasons the future success of the 
property is regarded as largely dependent upon the discovery of additional high- 
grade ore bodies. Whether such ore bodies exist or not can not be decided out 
of hand, but the relations which have been brought out in the preceding descrip- 
tions seem to warrant the suggestion that the}' may be found. Rich ore has 
been taken out of workings on the claim which adjoins the Doane property upon 
the west, and at whatever horizon in the quartzite this ore occurs, its presence 
is presumptive evidence that north-south sheeting of the rocks exists in this 
ground. If future exploration should demonstrate this to be the fact, then there 
is a possibility of encountering several ore }x)dies by prospecting along this 
sheeted zone; and, moreover, between it and the known zone of sheeting which 
carries the ore bodies in the Doane mine others may occur with ore shoots 
locally developed in them. Similar zones of localized shattering may also occur 
in the ground to the east, and on the whole it is believed that careful explora- 
tion underground, close attention l)eing paid to changes in the extent to which 
the north-south fractures are developed, is fully warranted by the conditions which 
can now be made out. It need hardlj^ be added that before making a search 
for zones of fracturing not now apparent, the one upon which the known ore 
bodies exist should be thoroughly prospected to the north of the present work- 
ings. In this direction the line of intersection between the fracture zone and 
the contact of the quartzite and diorite may prove a favorable position for the 
occurrence of ore, a suggestion which, though purely speculative, could be fol- 
lowed up at small expense. 
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FERRIS-HAOGARTY MINE. 

Location and demlopnund, —The Ferris- Ha^gaily propert}" is located about 2 
miles west of Bridger Peak, on the east side of Ilaggurty Creek. It was formerly 
known as the Kudefeha, a name which has since been given to the post-office located 
at the mine. 

The surface outcrop of this important ore deposit was a small exposure of gossan 
surrounded b}^ the loose surface wash which covers the general slope of the hillside 
in the vicinity. This gossan, which is composed of spongy iron oxide mixed with 
c[uartz, was penetrated to a depth of 35 feet with little or no evidence of the presence 
of copper, but at this depth sulphide ores, occurring in kernels and bunches within 
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Fi(». 13.— Ferri»-Haggarty iiiiiie; plan of mine worklngN. Sm!ce?«ivc llo<jrs and levels are niimbertHi to correspond 

with fig. 14. 

the spongy iron oxide of the gossan, were encountered. The inclined shaft was 
continued to a depth of nearly 80 feet, and the ore was opened up both to the east 
and west in drifts at two levels (figs. 13, 14). A new shaft was then sunk at a point 
down the slope of the hillside, about 240 feet distant from the discovery. More 
than 30 feet of loose surfai^e debris was penetrated before striking bed rock. The 
ore bod}' was encountered at about 165 feet, and' the shaft was continued to a total 
deptli of 248 feet. At 123 feet a (crosscut toward tlie north penetrated the hanging 
wall of the ore at a distance of 00 feet, and Ino fret lower the foot wall was reached 
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by a crosscut to the south, within Ji distance of about 40 feet. From these levels 
the ore body was developed by niis(\s and intermediate floors in the vein, and in 
addition a large amount of high-grade ore wtis stoped out, especially in the eastern 
part of the mine. The horizontal length of the ore body varies from !2r)(> to 3<H) 
feet. 

It is reported that the ore luis })een proved to continue downward some 50 feet 
or more to the level of the new adit which was opened in the spring of 1903. It is 
by means of this adit that the known reserves and the future possible discoveries of 
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Fui. 14.— FfiTis-HaKRttrty mine; projectiou of wurklugs ou vertical plane parallel to strike of ore Inxiy. 

ore are to be taken out. At its mouth the ore may be conveniently loaded into 
the buckets of the aerial tramway which connects the mine with the concentrator 
and smelting plant at Encampment. 

Because of the high cost of transportation, only high-grade mineral has been 
hitherto mined, excepting where the removal of low-grade material was necessitated 
in winning the shipping ore. Being developed in this way, pnictically no dead work 
had been done at the time this examination was made, and the workings were almost 
entirely confined to the vein. 
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Country rock, — ^The countiy rock at the Fcrris-Haggarty mine is mainly 
quartzite and schist, belonging to the pre-(kmbrian quartzite and slate formation. 
Intrusive gabbros, known in the district as diorites, oi^cur near by, but are not 
encountered near the ore ])od3'. 

The ore occurs at and follows a definit:; horizon situated between 200 and 250 
feet below the top of the quartzite-slate formation, the upper limit of which is 
marked by the appearance of heavy beds of conglomerate. A section of the bedded 
rocks as thev are exposed upon the ridge which forms a spur from the Continental 




Fig. 15.— Section of IxHlded forraatlonH on ridge about one-half mile eiust of Ferris- Haggarty mine. The 80-called 
" contact " horizon is marked by croHMCH. It is not mineralized at thi.s place. Compare fig. 16. 

Divide about one-half mile east of the mine, near the point where the tramway 
crosses, is given in fig. 15. This illustrates the alternation of varying strata below 
the ore horizon, while a complementary section (fig. 16), observed upon the ridge on 
the opposite side of Haggarty Gulch, gives the similar features of the strata which 
lie stratigraphically lower. Both sections show the intercalation of igneous 
rock and disclose the general attitude of the beds, which strike nearly east and 
west, dipping to the south at angles varying from 35^ to 50^. In the mine work- 




Fio. If..— Section of be<lded formationH and Intrusive rocks about one-half mile west of Ferris-Haggarty mine. The 
»o-<*allf<l "contact" horizon is marked by crosses. At a there is evidence of a considerable fault parallel with the 
Ijedding of the rrickw. 

ings th«» strata are observed to have a corresponding structure, though there are 
local minor variations, both in strike and dip, which bear an important relation to 
the ore deposit. 

Johithuj of cffuntry rock, — Throughout the mine the quartzite is broken by 
different sets of fractures, but these are rarely, if ever, represented by breaks in the 
hanging- wall schist, for in it adjustments and accommodations to movement caused 
bending of the strata and crumpling of its separate folia, while the brittle quartzite 
was fractured and brecciated. The most prominent fractures observed in the rocks 
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of the vicinity run in a direction nearh^ north and south — that is, nearly normal to 
the course of the vein — and, while nearly vertical, usually have a slight inclination 
to the east or west. 

In the massive sandstone corresponding to the ore horizon, where it outcrops 
upon the crest of the ridge to the east of the mine, there are many small veins of 
quartz having a width of several inches near the contact of the quartzite and schist, 
but gradually becoming thinner toward the north, and finally disappearing at a 
distance of 30 feet or so. Other rocks, such as the intrusive diorite, likewise con- 
tain similar veinlets of quartz, showing the general occurrence of these fractures. 
They may be observed in exposures upon the west side of Haggarty Gulch opposite 
the mine, and in this vicinity there is also some evidence in the relations of outcrops 
of the rocks that important faults break the continuity of the strata along north 
and south fractures, and cause offsets of the beds toward the south as they are 
followed from east to west. 

In the mine, fractures of the north-south system are to be observed at sev- 
eral places, though they are not uniformly developed throughout the workings. 
Locally they are rather closely spaced, as observed in the quartzite of the foot wall, 
and where this is the case, the schist which lies over the vein is often bent outward 
toward the south, and in the hollow thus foniied the ore l)ody is thicker than usual 
and the ore ordinarily of higher value. It seems that by bending in this way the 
more pliable schist has been able to take up or accommodate itself to movement 
which caused fracture in the brittle quartzite. The occurrence of fractures striking 
nearly parallel with the bedding of the quailzite and dipping in a contrary direction 
was noted at several points (figs. 24, 25), but there is less opportunity in this mine 
than in the Doane to observe the characteristics of the joint systems, since so great 
a share of the workings have been in the ore. Undoubtedly sevei'al sets of frac- 
tures have acted together to cause the brecciation of the brittle quartzite beneath 
the pliable schist, and in all probability there has been an important amount of 
crushing caused by movement along this horizon, in addition to adjustments along 
the different joints. 

The ore. —The principal ore minerals which have been extracted from this 
mine are chalcocite and chalcopyrite, though bornite and covellite are occasionally 
found. Carbonate and oxide ores are present in small amounts only. The richest 
ore is found in the upper workings, where the proportion of chalcopyrite is less 
than on the lower levels. Much of the ore requires concentration, being mixed with 
the quartzite country rock, but no other gangue is present, and in the past all of 
the ore shipped has been practically free from foreign matter. 

Occitrrejice of the ore. — The ore body in this mine* follows a somewhat irreg- 
ular zone of brecciation in the upper part of a definite stratum of quartzite, which. 
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in common with the beds iiHsociated with it, strikeis nearly east and west and dips 
about ¥) toward the south. Above this quartzite and sharply separated from it 
there is a l>ed of very tine-grained schist, which, though very much crumpled, 
contrasts with the quartzite below by reason of the pitictical absence of brecciation. 
This s(»hist, which has a thickness estimated at about 50 feet, forms the hanging 
wall of the vein throughout the mine (tigs. 15, 16, 17). There is no definite 
continuous foot wall, but the ore makes back into the quartzite in an extremely 
irregular manner, dependent either upon the completeness of brecciation or upon 
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Fia. 17.— FerrLs-HagKarty mino; transverse sections of the ore l)ody along lines A B and C D in figs. 13 and 14. 

the presence of cross fractures. The deposit has many of the characteristics of 
the Doane ore bodies, and is regarded as being of the same general type. 

At the time the mine was visited the Ferris-Haggarty ore body had been fol- 
lowed from its outcrop to a depth of 2M feet below the surface, giving a known 
length on the dip of over 400 feet (tigs. 14, 17). It is reported that the ore has 
])cen found to extend into the lower workings which have been opened from the 
new adit completed in the winter of 1902-3, so that the full depth to which the 
mineralization continues has not been ascertained as yet. 
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The upper limit of the ore where it passes into the gossan which forms the 
surface capping has been full}' determined in the upper stopes and found to be 
rather irregular at a depth of from 85 to BO feet (fig. IT). The drifts and slopes 
which have been opened at different levels show that the higli-gi*ade ore, at least, 
is i-ather sharply bounded. In the first mine level, at a depth of 125 feet, the 
horizontal length of the ore shoot is about 3()0 feet, while in the second level, 
100 feet below, it is some 50 feet less (figs. 13, 14). 




Fio 18.— Ferris-Haggarty mine; north -south sketch section through Bonanza stope at first mine level. Shows form of 
ore bwly and irregularity of foot wall. Compare fig. 19. 

Along its strike the ore body seems to be limited by the disappeaniiice of 
brecciation in the quartzite, but there is often low-gi*ade ore beyond the pres- 
ent excavations, and few opportunities were afforded for conclusive observation 
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Fig. 19.— Ferris-Haggarty mine; sketch section through Bonanza stope parallel to strike and at right angles to dip 

of ore body. Compart* figure 18. 

upon this point. The thickness of the vein is extremely irregular, varying 
from a few inches near the ends up to 30 feet, or even more in some places 
(figs. 11, 18, 19). 
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Upon an}' level in the mine the intersection of a horizontal plane with the 
surface formed by the hanging wall is a curve concave toward the north. This 
is illustrated in fig. 20, in which the general shape of the vein upon the first 
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Fio. 20.— FerriB-Uaggarty mine; plans of ore body on flrst and second mine levels. The general bowing toward the 
south is well shown. Compare levels 5 and 6 in figs. 13 and 14. 

and second mine levels is given in horizontal plan, and in fig. 21, which is an 
idealized diagram showing in horizontal section the relation of the ore body to 
the countrv rock and to the north-south fractures. 




Fio. 21.— Ferris-Haggarty mine; idealized horizontal section of ore body, showing general convexity toward the 

south and the filling of north-south fractures. 

Combined with the horizontal curving of the hanging-wall surface there is 
variation in dip, or irregular bending up and down from the plane of average 
inclination, so that the under surface of the schist overlying the ore is seen to be 
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a warped surface of very intricate contour. However, its irregularities are gentle 
rather than abrupt, and the fidelity with which the ore body follows the surface 
of division between the quartzite and the schist gives a sharply defined hanging 
wall, a feature which is illustrated in several of the accompanying diagrams. 

The foot wall has none of the regularity of the hanging wall, where the ore 
makes in the country rock in various ways, doubtless dependent upon local 
differences in the development of the fmctures and brecciation in the quartzite 
(figs. 23, 24, 25). 




f^Tv^l Quartzite of 

LlAAjfoot waU 



^1 Schi*t of 
'^Sj hanging wafi 



Pig. 22.— Ferris-Haggarty mino; idealized vertical north-south flection acro8s the ore body, showing convexity and 

irregular dip. 

A certain amount of ore is found in north-south fractures in the quartzite 
country rock beneath the ore shoot, and a portion of the sulphides in the latter 
may have been fonned by a replacement of the quartzite, but the main mass of 
the ore occurs tilling the mass of broken or brecciated quartzite, the fi'agments 
of which are sharply limited against the ore and contain metallic minerals only in 
the form of veinlets with shai-p walls (tigs. 23, 24). 

The sketch diagram (fig. 25) represents the relations of the vein to the 
inclosing rocks in the west end of Bonanza stope. The bottom of the section 
is 90 feet above the first mine level. In the foot wall north-south fractures are 
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observed in various parts of the mine, and in some cases they are filled with ore in 
the quartzite of the foot wall, but they do not break the continuity of the hanging- 
wall schist. The latter has al- 
most invariably adjusted itself 
to movement in the direction of 
these fractures by bending, in- 
stead of b}' breaking. This be- 
ing the case, and the schist being 
fine grained, it forms a capping 
over the open quartzite breccia 
which has been very impervious 
to the passage of water in circu- 
lation. 

From the relations which 
have been described in detail in 
the foregoing pages, and which 
are here briefly summarized, it 
is believed that the existence of 
the Ferris-Haggarty ore body 
depends upon the presence of 
the north-south cross fractures, 
the brecciated quartzite, and the 
overlying impervious schist. The cross fractures being in many places filled with 
ore are regarded as having been channels of easy circulation for ascending solu- 
tions. Since the fractures do not con- 
tinue through the schist, the moving 
waters were completely deflected by the 
impervious stratum into the fractured 
rock beneath, along which they con- 
tinued to ascend, and found conditions 
favorable for the deposition of their 
metallic contents. 

The occurrence of ore in these north - 
south fractures beneath the ore horizon, 
and the relation of the latter to them, 
suggests that they have been feeders 
for the main ore body, and while suffi- 
cient observations have not been made 
to prove the point, it is believed that there is a zone of excessive sheeting trans- 
verse to the strike of the rocks which inclose the ore body, and as wide as 
2100— No. 25—04 B 



Fkj. 25. — Ferris-Haggarty mine; north-south diagrammatic M.*ction 
through stope ou first mine level near head of incline to second 
level, showing intereection of bedding and fissures, and an ofTshoot 
of ore into the foot-wall quartzite. 




Fig. 26.— Ferris-Haggarty mine; diagrammatic section of 
ore body, illustrating the manner in which the richness 
of the ore increases just beneath layers of close-grained 
whist interbedded with the quartzite. 



Wm hori/<nit*l lAnjfth. (h%tA\d^. of fhin znofi panJkl fnctures exist, but they are 

Thnt fh#' rninrrali'/inif wjU^r-t were artcenriint? anrl that the schist was practically 
not (H'n#^tr»N'fl Wy them in -(hown by the «tleame94r» of the coDtaet of ore and schist and 
f h#' Tfinty wirh which any ore r,eeiir* in the material of the hanging wall. The same 
thinjjf U broujfht out even more eiearly in certain places where thin beds of schist 
oi'Ciir within the mineralizefl part of the qoartzite i6g. 2»>). In such cases the ore 
irt rnainly Mt^rff/atM F»em*arh the different ^hi^t hand^. and immediately above them 
little or no mineralization ha.s taken place. 

Th^' ^laHii! j^abbro ro«*hw of the region are regarded as the source from which 
the deeply circulating watern derived their metallic contents. 

The primary ore wa** chalcopyrite with periiapi» some iron sulphide free from 
copper, and the rich ores whii.'h have been encountered have resulted from secondary 
concentration of originally leaner ores, through the action of surface waters perco- 
lating through the vein, di.svsolving copper from the upper portions and redepositing 
it lower down. Examination of the ore in the mine workings shows the gradual 
increase of primary chalcopyrite and the corresponding diminution of chalcocite 
as depth is attained, and it is probable that eventually the former will entirely 
replace the latter. 

Future of tht' pi^^p^rtij, — The proe>perity of the Ferris-Haggarty mine for the 
immediate future is praotii'ally assur^^l by the existing ore reserves (see figs. 13, 14), 
and the conservative |x>licy of developing and exploring while production is going 
on will doubtless Ih» adopteil. 

The ore IkkIv itself will naturally be followeii downward, and exploration of the 
ore-bearing horizon U^twivn the schist and 'luartzite toward the east may lead to 
th(? discovery that another zi>ne of north-s^nith sheeting has produced mineralization 
in it. Also the ground north of the present workings may contain ore bodies 
kx'ftted benc^ath other slaty or s<»histos^> layers interv*alated in the quartzite^ and 
related to north-south fniotuivs in a manner similar to the known deposit. 

CHARTER OAK MINE. 

The ( 'Imrtcr Oak projHM'ty is liH^attnl a short distamv north of the area shown on 
the F}n<*ainprncnt special nmp, in siv. :J4. T, 14 N., R. 85 W., about 6^ miles north- 
west of KtK'ainptnent. 

The <()untrv rocks in the vicinity aivgneissoid or schisti>se granite and metamor- 
phoMcd basics rocks related to pibbi\>s, but having the i-omposition of diorite. The 
grcat^'r part of these dioriles are schisti>so, but iH»casionally they are massive. They 
are intrusive in tln^ granite gneiss, and the contacts U^twiHMi them and the schistosity 
of the (lioritc follow the platy structuiv of the older granitic rock. 

The mine is situated near the cast side of a brimd vsynclinal fold, the axis of 
which f)it^'hcH northwest from the high hill alH)ut 1 mile to the southwest, in sec. 
2J>. T. 14 N., K. >^«''' W. In this locality the influence of the fold may be noted 
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eastward to Otto Creek and westward to Calf Creek, a distance of nearly 2 miles 
(fig. 27). 




Flo. 27.— Sketch section of main syncline in prominent hill southwest of Charter Oak mine. View lookini? northeast. 

Kear the mine the rocks within the general syncline are greatl}^ twisted, and are 
also faulted, as is illustrated in the sketch map (fig. 28) showing their local structure, 
and in the cross section (fig. 29). 




Fig. 2H. — sketch map of vicinity of Charter Oak mine, showing structure and distribution of rocka. 

An inspection of the sketch map and section will show the position of two nearly 
north-south faults which follow the axes of two minor anticlines pitching toward the 
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Fig. 29. — (Charter Oak mine; sketch section along line a h, fig. 28. 

north. The eastern of these two faults forms the fissure in which the Charter Oak 
vein oi*curs: the other is not known to be mineralized. 
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In figure 30 the curved line trending southwestward from the top of the incline 
represents approximately where the northeast-southwest portion of the vein encoun- 
tered in the workings would outcrop at the surface if continuous. This ground is 
covered so that it is not actually known to appear in outcrop. 

The Charter Oak deposit belongs to the general type which has been named 
from the Continental vein. The primary sulphides and the quartz forming the 
gangue were deposited at the same time in a fault fissure by circulating waters 
which found in it an easy channel of movement. As frequently happens where 
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Fig. 31. — Charter Oak mine; general cross section showing relation of vein to inclosing rocks. 

several fractures exist, a greater amount of metallic sulphides was precipitated at 
their intersection than elsewhere, giving rise to the body of ore which has been 
worked out. The reason for this relation may be either that the rock openings 
were greater near their intersection than at other pointe or that here solutions 
carrying different chemical salts in the different fractures came together and caused 
precipitation of the metallic minerals. 

The basic igneous rocks of the region have been shown by the tests made 
during the study of the Encampment district to be an adequate source for all the 
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Fio. 82.— Charter Oak mine; detailed cross section of vein and adjacent rocks. 

copper deposits which have been formed since their intrusion, and the copper sul- 
phides in the Charter Oak mine are regarded as of this origin. 

OSCEOLA PROPERTY. 

The Osceola claim is situated to the south of the first extension of the Kudefeha 
claim toward the west, and is undoubtedly crossed by the apex of the Rudefeha or 
Ferris-Haggarty lead, since the drop of the ore horizon toward the south causes 
the outcrop beneath the heavy covering of surface debris to run from north-north- 
east to south-southwest upon the slope of the hill, while the side lines of the claims 
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The calcareous beds mentioned lie in a position parallel with the platy structure 
of the hornblende-schist (fig. 35), which also controls the general strike of the 
igneous contacts. 



LEIGHTON-GENTRY PROSPECT. 



This property is situated near the Continental Divide at the head of Jack. 
Creek. At the surface a band of gossan about 3 inches in thickness is overlain 
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Fig. 84.— Sketch plan to show the position of openings in the vicinity of Creede mine relative to the intrusive norite. 
The cross on the right indicates the position of the Creede shaft, the two near the center openings are on the 
I<(land City claim, and the one on the left is the Lucky Find shaft. 

by a black crumbling mica-schist, 4 feet thick, with a thick sill of norite above 
that. 

An inclined shaft has opened up the lead for a distance of 150 feet, and 
demonstrated the existence of pyrite, pyrrhotite, and chalcopyrite in a band of 
the bedded limy quartzite about 11 feet in thickness. The ore occurs partly 
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Fio. 35. — (General cross section through the Island City claim, showing occurrence and structure of rocks, and relation 
of ore-bearing horizon. Cross shows position of main opening. 

along the bedding planes, and partly disseminated through the rock. Beneath 
the mineralized quartzite there is a stratum of rather pure limestone which seems to 
contain no sulphides. This rests upon quartzites, the thickness of which is not 
apparent, but these soon give place to the hornblende-schist series, as is known 
from neighboring outcrops. 
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filling a well-defined though irregular fissure (fig. 37). A sill of diorite about 150 
feet wide outcrops about 30 feet south of the shaft. An inclined shaft 135 feet in 
depth has been sunk upon a fissure vein originally filled with calcite, which has been 
partially dissolved away, leaving open cavcb. At 90 feet a drift 35 feet long has 




FiQ. 37.— North-south section through Syndicate shaft, showing manner in which the vein crosses the beds of qnartzite. 

Position of drift on vein is shown at a. 

followed the vein toward the east. The strike of the vein is N. 70^ W., and it 
dips 65^ from the horizontal toward the south. 

The calcite forms a filling for a breccia of quartzite, the whole vein varj'ing 
from 3 to 11 feet in width. Chalcocite or copper glance in small grains or pellets 
is disseminated through the ca,lcite, and is also found 
in the quartz fragments. A diagram showing these 
characteristics is given in fig. 38, which represents the 
vein at a depth of 110 feet. At this place there is an 
unbroken band of quartzite in the center of the vein. 

Little or no vein quartz accompanies the calcite, but 
this mineral was noted in the crosscut tunnel at the lOo- 
foot level beneath a thin stratum of schist interbedded 
with the quartzites. 

As elsewhere in the region, various S3"8tems of joint 
fractures are in evidence in this vicinity, though any 
important relation which they may bear to the origin of ore in the Syndicate 
vein is not apparent. Being chalcocite, the ore as it now occurs is regarded as 
secondar}^, and when sufficient depth is attained it is to be expected that leaner 
sulphides will be encountered. 




Fig. 38.— Detail of Syndicate vein 
at depth of 110 feet. 
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prominently developed, but there is no marked horizontal })owing of the strata. 

The ore minerals are chalcocite with some ohaleopyrite, and these form a matrix 

for brecciated fnigmenLs of quartzite. The foot-wall material is much fractured 

N and seamed, whilt* the overlying schist appears 
to >)e perfectly intact, though it is considerably 
crumpled. 

At several places in the mine the ore Ixxly 
was found to have more or less continuous 
bands of schist running through it, and in such 
cases the ore is found to be formed just under 
the bands of <'lose-grained rock, while the 
quartzite above them is barren for some dis- 
tance (fig. 20), indicating that the ores were 
deposited by ascending watei-s. 

(rtmesit< of the (frt\ — The reference of the 
l)oan(». and Ferris-Haggart}' copper ores to the 

^'';*^rwft^,^r'^'"«';'T'?''r'Jrf -^"^^ tvpe of deposit is founded on the very 

of old shaft, 90 feet above first mine level. The J r r- j 

sketch shows the brerciation of the quartzite elose similaritv in their mode of occurrcncc. 

and irregularity of foot wall. At this place ' 

north-south fractures are strongly developed in In the latter the uppCr part of a bed of quartz- 

the foot wall, but do not cut the overlying schist . ..i» i . i . it- 

• ite, strikmg nearly east and west and dipping 
south, has l)een greatly })roken and brecciated along its contact with a thick 
overlying stratmn of schist. The brecciation has been caused in part by 
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Fig. 21. — Fcrrls-Haggarty mine; idrali/Ajd sketch of ore Inxly as seen near old shaft at depth of i:i'> fei't, showing false 

hanging wall and nature of brecciation. 

movements essentially i)arallel with the bedding, and in part by movements' 
along fractures transverse to the stratification. Ch*oss fractures, which strike 
nearly north and south and dip st-eeply either to the east or to the west, are to be 
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observed in various parts of the mine, and in some cases the}' are filled with ore in 
the quartzite of the foot wall, but they do not break the continuity of the hanging- 
wall schist. The latter has al- 
most invariabh' adjusted itself 
to movement in the direction of 
these fractures by bending, in- 
stead of b}' breaking. This be- 
ing the case, and the schist being 
fine grained, it fonns a capping 
over the open quartzite breccia 
which has been very impervious 
to the passage of water in circu- 
lation. 

From the relations which 
have been described in detail in 
the foregoing pages, and which 
are here briefly summarized, it 
is believed that the existence of 
the Ferris-Haggarty ore body 
depends upon the presence of 
the north-south cross fractures, 
the brecciated quartzite, and the 
overlying impervious schist. The cross fractures being in many places filled with 
ore are regarded as having been channels of easy circulation for ascending solu- 
tions. Since the fractures do not con- 
tinue through the schist, the moving 
waters were completely deflected by the 
impervious stratum into the fractured 
rock beneath, along which they con- 
tinued to ascend, and found conditions 
favorable for the deposition of their 
metallic contents. 

The occurrence of ore in these north- 
south fractures beneath the ore horizon, 
and the relation of the latter to them, 
suggests that they have been feeders 
for the main ore body, and while su&- 
cient observations have not been made 
to prove the point, it is believed that there is a zone of excessive sheeting trans- 
verse to the strike of the rocks which inclose the ore body, and as wide as 
2100— No. 25—04 6 



Fig. 25. — FerriM-Haj?garty mine; no^th-^40uth diaKrammatic section 
through 8toi)e on first mine level near head of incline to second 
level, showing intersection of bedding and fissures, and an offshoot 
of ore into the foot-wall quartzite. 




Mineralized 
quarfzite 

Fio. 26.— Ferris-Haggarty mine; diagrammatic section of 
ore body, illustrating the manner in which the richness 
of the ore increases jiLst beneath layers of close-grained 
schist interbedded with the quartzite. 
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its horizontal length. Outside of this zone parallel fractures exist, but they are 
probably few and wideh' spaced. 

That the mineralizing waters were ascending and that the schist was practically 
not penetrated by them is shown by the clearness of the contact of ore and schist and 
the rarity with which any ore occurs in the material of the hanging wall. The same 
thing is brought out even more clearly in certain places where thin beds of schist 
occur within the mineralized part of the quartzite (fig. 26). In such cases the ore 
is mainly segregated beneath the different schist bands, and immediateh^ above them 
little or no mineralization has taken place. 

Tbe basic gabbro rocks of the region are regarded as the source from which 
the deeply circulating waters derived their metallic contents. 

The primary ore was chalcopyrite with perhaps some iron sulphide free from 
copper, and the rich ores which have been encountered have resulted from secondary 
concentration of originally leaner ores, through the action of surface waters perco- 
lating through the vein, dissolving copper from the upper portions and redepositing 
it lower down. Examination of the ore in the mine workings shows the gradual 
increase of primary chalcopyrite and the corresponding diminution of chalcocite 
as depth is attained, and it is probable that eventually the former will entirely 
replace the latter. 

Future of the praperty, — The prosperity of the Ferris-Haggarty mine for the 
immediate future is practically assured by the existing ore reserves (see figs. 13, 14), 
and the conservative policy of developing and exploring while production is going 
on will doubtless be adopted. 

The ore body itself will natui'ally be followed downward, and exploration of the 
ore-bearing horizon between the schist and quartzite toward the east may lead to 
the discover}^ that another zone of north-south sheeting has produced mineralization 
in it. Also the ground north of the present workings may contain ore bodies 
located beneath other slaty or schistose la^^ers intercalated in the quartzite^ and 
related to north-south fractures in a manner similar to the known deposit. 

CHARTER OAK MINE. 

The ('barter Oak property is located a short distance north of the area shown on 
the Encampment special map, in sec. 24, T. 14 N., R. 85 W., about ^\ miles north- 
west of Encampment. 

The countr}' rocks in the vicinity are gneissoid or schistose granite and metamor- 
phosed basic rocks related to gabbros, but having the composition of diorite. The 
greater part of these diorites are schistose, but occasionally they are massive. They 
are intrusive in the granite gneiss, and the contacts between them and the schistosity 
of the diorite follow the platy structure of the older granitic rock. 

The mine is situated near the east side of a broad synclinal fold, the axis of 
which pitches northwest from the high hill about 1 mile to the southwest, in sec. 
29, T. 14 N., R. 85 W. In this locality the influence of the fold may be noted 
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eastward to Otto Creek and westward to Calf Creek, a distance of nearly 2 miles 

(fig. 27). 




Fig. 27. — Sketch section of main syncline in prominent hill southwest of Chttrler Oak mine. View looking^ northeast. 

Near the mine the rocks within the general syncline are greatly twisted, and are 
also faulted, as is illustrated in the sketch map (Hg. 28) showing their local structure, 
and in the cross section (fig. 29). 
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Fig. 2S. — Sketch map of vicinity of Charter Oak mine, showing structure and distribution of rocka. 

An inspection of the sketch map and section will show the position of two nearly 
north-south faults which follow the axes of two minor anticlines pitching toward the 
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Fig. '29. — Charter Oak mine; sketch section along line a ^, fig. 28. 

north. The eastern of these two faults forms the fissure in which the Charter Oak 
vein occurs; the other is not known to be mineralized. 
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A more detailed sketch in the immediate neighborhood of the Charter Oak vein 
is given in fig. 30. The fault with basic diorite on the west and gneiss upon the 
east may be readily traced for nearly 1,600 feet, and vein material outcrops at inter- 
vals along it. 

The vein proper consists of quartz carrying a variable amount of copper and 
iron, but the wall rock is often fractured and mineralized as well. Its relations are 
shown in the cross section, fig. 31, taken at the point a, fig. 30, while the more 
detailed sketch represents its characteristics at the point marked h on the plan. 

From the most northerly outcrop the vein is nearl}" straight southward to the 
incline where the main ore body was found. At this place the gangue was mainly 
quartz, brown jasperoid, and schistose wall rock, with some calcite and a little chal- 
cedony. The primary ore was chalcopyrite, some of which still remains, while the 
alteration of this mineral has given rise to secondary chalcocite, bornite, azurite, 
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Fig. 80.— Charter Oak mine; surface plan of vein. 

hematite, and limonite. A massive brown mineral, which occurs in some quantity, 
is said to assay 25 per cent copper, and is probabl}- a mixture of iron oxide with a 
a rich sulphide of copper. 

After the incline in the ore had disclosed a sharp bend in the vein its course 
was changed to follow the new dip, as shown in fig. 30. The strike of the vein in 
the lower working is shown by the course of the drifts represented in the sketch, 
and its dip is about 24"^. About 100 feet south of the main opening an open pit 
in the granite shows a brown jasper vein containing oxide of iron, with some 
green copper stains and a little chalcopyrite. This is directly in line with the north 
and south portion of the main vein, so that the latter seems to have divided between 
this point and the mouth of the incline. Closer examination shows that this por- 
tion of the vein consists of several splinters, the main one of which dips about 35^ 
toward the east. 
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In figure 30 the curved line trending southwestward from the top of the incline 
represents approximately where the northeast-southwest portion of the vein encoun- 
tered in the workings would outcrop at the surface if continuous. This ground is 
covered so that it is not actually known to appear in outcrop. 

The Charter Oak deposit belongs to the general type which has been named 
from the Continental vein. The primary sulphides and the quartz forming the 
gangue were deposited at the same time in a fault fissure by circulating waters 
which found in it an easy channel of movement. As frequently happens where 
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Fig. 31.-- Charter Oak mine: general cross section showing relation of vein to inclosing rocks. 

several fractures exist, a greater amount of metallic sulphides was precipitated at 
their intersection than elsewhere, giving rise to the body of ore which has been 
worked out. The reason for this relation may be either that the rock openings 
were greater near their intersection than at other points or that here solutions 
carrying different chemical salts in the different fractures came together and caused 
precipitation of the metallic minerals. 

The basic igneous rocks of the region have been shown by the tests made 
during the study of the Encampment district to be an adequate source for all the 
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Fig. 32. — Charter Oak mine; detailed cross section of vein and adjacent rocks. 

copper deposits which have been formed since their intrusion, and the copper sul- 
phides in the Charter Oak mine are regarded as of this origin. 

OSCEOLA PROPERTY. 

The Osceola claim is situated to the south of the first extension of the Rudefeha 
claim toward the west, and is undoubtedly crossed b}^ the apex of the Rudefeha or 
Ferris-Haggarty lead, since the drop of the ore horizon toward the south causes 
the outcrop beneath the heavy covering of surface debris to run from north-north- 
east to south-southwest upon the slope of the hill, while the side lines of the claims 
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trend more nearly east and west. If exploration should prove that the contact 
between the schist and quartzite is not mineralized in this vicinity, the fact will 
furnish strong corroborative evidence that ore bodies of the Doane type, such as that 
in the Ferris-Haggarty mine, will be found only where marked zones of sheeting 
cross favorable horizons, and the possibility of the occurrence of other zones of this 
sort to the west of the Osceola shaft should be taken into consideration. 

At the time the property was visited a shaft 56 feet deep had been sunk and a 
crosscut 35 feet long had been run toward the north, traversing quartzite excepting 
for an intercalated bed of schist about 4 feet in thickness and a thicker bed in which 
the drift terminated. This last bed of schist is probably the same as the contact 
schist in the Ferris-H^ggarty, but it was not found to be mineralized at this point. 

CREEDE PROPERTY. 

The Creede claim is situated about 2 miles northwest of Bridger Peak, and about 
a quarter of a mile east of the road from Rudefeha to Saratoga. The deposit at this 
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PiQ. 83.— Geologic section on north side of Continental Divide through Creede claim. The position of Creede shaft 

shown by cress. 

place has been taken as a type of ores which seem to have been formed as a direct 
result of contact met&morphism caused by intrusions of norite. The general 
description of the ore and its occurrence are given on page 54. 

The geologic cross section, fig. 33, shows the position of the deposit in the 
hornblende-schist, near the south contact of an intrusive mass of norite. 

Several other prospects in the vicinity also occur near the same body of norite 
and in each the ore is partly pyrrhotite, as at the Creede. The relative positions of 
the openings on the Creede, Island City, and Lucky Find claims are shown in fig. 
34, which also shows in plan the approximate local distribution of the country rocks. 
In the three openings west pf the Creede calcareous strata are found, which seem 
to have offered favorable conditions for the deposition of sulphides from solutions 
which probably derived their metallic contents from the norite, either at the time of 
its intrusion, as is supposed to have been the case at the Creede, or later. 
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The calcareous beds mentioned lie in a position parallel with the platy structure 
of the hornblende-schist (fig. 35), which also controls the general strike of the 
igneous contacts. 



LEIGHTON-GENTRY PROSPECT. 



This property is situated near the Continental Divide at the head of Jack. 
Creek. At the surface a band of gossan about 3 inches in thickness is overlain 
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Fig. 84. — Sketch plan to show the portion of openings in the vicinity of Creede mine relative to the intrusive norite. 
The cross on the right indicates the position of the Creede shaft, the two near the center openings are on the 
Island City claim, and the one on the left is the Lucky Find shaft 

by a black crumbling mica-schist, 4 feet thick, with a thick sill of norite above 
that. 

An inclined shaft has opened up the lead for a distance of 150 feet, and 
demonstrated the existence of pyrite., pyrrhotite, and chalcopyrite in a band of 
the bedded limy quartzite about 11 feet in thickness. The ore occurs partly 
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Fio. 85.— General cross section through the Island City claim, showing occurrence and structure of rocks, and relation 
of ore-bearing horizon. Cross shows position of main opening. 

along the bedding planes, and partly disseminated through the rock. Beneath 
the mineralized quartzite there is a stratmn of rather pure limestone which seems to 
contain no sulphides. This rests upon quartzites, the thickness of which is not 
apparent, but these soon give place to the hornblende-schist series, as is known 
from neighboring outcrops. 
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The strata strike N. 80^ W. and dip 30^ toward the south. The gossan is very 
superficial and unaltered sulphides occur within 10 or 12 feet of the surfac*e. 

An assay upon a sample of pyrrhotite made in the laboratory of the Geological 
Survey by Dr. E. T. Allen gave the following result: 

Assay of pyrrhGtiiej Leighton-Gentry mine. 

Percent. 

Copper 3.07 

^ , , \ 00.67 

Cobalt / 

Zinc Trace. 

Platinam None. 

The accompanying diagram (fig. 36) illustrates the mode of occurrence, which 
is very similar to that at the Island City and other prospects in the vicinity of 
the Creede. Moreover, a certain resemblance to the Ferris-Haggarty deposit is 
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Fio. 36. — Sketch diagram showing position of Leighton-Gentry ore horizon relative to incloeinK n>oks. The black 

line represents the inclined nhaft. 

seen in the situation of the mineralized rock beneath a stratum of close-grained 
schist which may have been instrumental' in localizing the deposition of the ore 
minerals, by deflecting ascending solutions along the thin-bedded, comparatively 
permeable, quartzites immediately beneath it. 



SYNDICATE PROPERTY. 

The Syndicate property is situated at the head of a tributary of Savery 
River, near the crest of the ridge which continues northwestward from the bend 
in the Continental Divide toward Dexter Peak. 

The immediate country rock is quartzite, certain beds of which are very 
calcareous. The strata strike nearly east and west and dip to the south at a 
much lower angle than the vein. The latter therefore crosses the stratification, 
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filling a well-defined though irregular fissure (fig. 37). A sill of diorite about 150 
feet wide outcrops about 30 feet south of the shaft. An inclined shaft 135 feet in 
depth has been sunk upon a fissure vein originally filled with calcite, which has been 
partially dissolved away, leaving open caves. At 90 feet a drift 35 feet long has 




Fio. 37.— North-Bouth section through Syndicate shaft, showing manner in which the vein crosses the beds of quartzite. 

Position of drift on vein is shown at a. 

followed the vein toward the east. The strike of the vein is N. 70^ W., and it 
dips 65*^ from the horizontal toward the south. 

The calcite forms a filling for a breccia of quartzite, the whole vein varying 
from 3 to 11 feet in width. Chalcocite or copper glance in small grains or pellets 
is disseminated through the calcite, and is also found 
in the quartz fragments. A diagram showing these 
characteristics is given in fig. 38, which represents the 
vein at a depth of 110 feet. At this place there is an 
unbroken band of quartzite in the center of the vein. 

Little or no vein quartz accompanies the calcite, but 
this mineral was noted in the crosscut tunnel at the lOo- 
foot level beneath a thin stratum of schist interbedded 
with the quartzites. 

As elsewhere in the region, various S3'8tems of joint 
fractures are in evidence in this vicinity, though any 
important relation which they may bear to the origin of ore in the Syndicate 
vein is not apparent. Being chalcocite, the ore as it now occurs is regarded as 
secondary', and when sufficient depth is attained it is to be expected that leaner 
sulphides will be encountered. 




Fig. 38.— Detail of Syndicate vein 
at depth of 110 feet. 
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CONTINENTAL VEIN. 

T\ui (>>ntirumtal claim in located on the south side of Cow Creek, near the 
trannfi^r ntatiori of the Ferris-Haj^garty tramway. The country rock belongs to 
the rongloineraU? menilxjr of the pre-Cambrian sedimentary series, but these rocks 
littvo. lH*4»n ni(*.tatn()rphoH(;d to such an extent by compression during the folding 
of the <|uartzite belt that they now appear as laminated schists, striking about 
northciiHt by east and dipping at a rather low angle toward the south. 

Th(^ (Continental vein follows the platy structure of the conglomerate-schist, 
alt4»,niat4»Jy widening and pinching along its outcrop, which has been traced for 
nevenil hundn^d fe(».t. From this feature it is believed that it will be equally 
irregular when follow(»d downward (tig. 3J)). As seen in the discovery pit, it has a 
width of from 2 to 4 feet, and is composed mainly of quartz and a small amount of 
siderite, but has chal(H>pyrite distributed irregularly through its mass. About 




Kiu. 8U.~<8kotch MHitlon ahowinir probublo rolation of Continental vein to inclosing rocks. 

2(K) fwt fartlier west it hiw Iwon cut at a depth of perhaps 20 feet by a short tunnel, 
and hert^ it<< tJiiokness is more than t5 feet, and copper pyrite is still present. 

The pn>iH^rty is lH>ing develof)ed by a tunnel kx^ated about 150 feet below 
the outort>p* by means of which the charai>ter of the vein at that depth will be 
ttsoertHintHl. 

PORTLAND AND HERCULES MINES. 

The Portland and Hercules shaft8 are located on adjoining claims about one-half 
mile south of liattUs a short distani^e west of the top of the range. 

Various sorts of ixH*ks iHvur in this vicinity (tig. 40), including a large mass of 
rtnl gi*anite on the south and massive pre-Cambrian quartzites on the north, with 
Uuuvitones anil nnl shales intruded by liasic igneous nx*k, now altered to chlorite- 
Si^hist^ U^twivn. The giMieral strike of the sedimentary nx»ks, and of their igneous 
iH^ntHcts, is nearly east and west, which is likewise the course of a profound fault 
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which forms the northern boundary of the granite, while the schistose structures in 
the chlorite rock trend about N. 65^ E. All these structures dip steeply toward 
the north. The two shafts were sunk for the purpose of investigating the contact 
between the red granite and the rocks north of it. A shallow shaft upon the 
Portland claim had encountered an encouraging amount of rich copper glance just 
south of the present shaft house, but the owners, being unable to cope with the 
large amount of water, fonned a company and decided to sink a working shaft a 
short distance to the north, with the expectation of finding the ore by crosscutting 
to the granite. 

At the time of our visit the shaft was 200 feet deep, and a crosscut toward the 
south at 100 feet had encountered a strong watercourse accompanying a mass of soft 
red mud which required the construction of a bulkhead to keep it from forcing its 
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Fig. 40.— Diagrammatic sketch map to show general distribution of rocks in vicinity of Hercules and Portland shafts. 
Between the granite and the adjacent rocks there is a gouge of soft red mud, sometimes several feet in thickness, 
which has probably been pnxluced by faulting along this contact. 

way down into the workings. No evidence of strong mineralization was found, 
but the limestone which the shaft and crosscut traversed was much broken and 
impregnated in spots by chalcopyrite. 

At 200 feet the granite is said to have been encountered, but is now hidden in 
the sump. A crosscut toward the north at this depth has been partly in limestone 
and partly in chlorite-schist, both of which are very much fractured and crushed, 
showing many slips not constant in their direction. Occasionally ore is encountered 
impregnating the country rock, but so far as seen does not occur in any regular way. 

The object of this tunnel was to cut in depth several copper-bearing veins which 
outcrop west of the shaft And strike about N. 66^ E. (fig. 40). These veins have 
been opened by trenching and found to have a width of a few inches only; how- 
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ever, they seem to be persistent, and it is claimed that the float of one of them 
has been traced for several hundred feet. They are composed of chalcopyrite 
and hematite, with a gangue mainly of quartz with some calcite and siderite (car- 
bonate of iron). There is some chalcocite, but considering that these veins are to 
be seen only in outcrop, the small amount of secondary sulphides which they con- 
tain is noteworthy. Probably the looseness of the ipclosing rock is greater than 
that of the veins, so that there has been no tendency for them to become channels 
of circulation. 

In the sunmier of 1902 the Hercules workings were not accessible. It is said 
that a small northeast-southwest quartz vein carrying sulphides was found in the 
shaft, and that granite was reached at a depth of between 70 and 80 feet. 

GERTRUDE PROPERTY. 

The Gertrude property is located just north of the wagon road, about one- half 
mile east of Battle. The surface near the mine is largely covered by loose material, 
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Fio. 41.— Sketch cross section through Gertrude workings. 

SO that there are no outcrops, but both quartzite and basic intrusive rock are 
exposed south of the workings. The quartzites strike nearly east and west, and 
dip about 40 degrees to the south. Between them and the mass of red granite 
farther south the bed roc*k in the covered ground is probably like that just north 
of the Portland shaft, and the quartzite exposed is supposed to be the same horizon 
as that shown in the sketch map of that vicinity (see fig. 41, and the geologic 
map, PI. II, in pocket). 

In the quartzite, and following its bedding, with sharp walls above and below, 
a bod}' of massive hematite, or red iron oxide, has been followed by an incline 
80 feet long. It has also been tapped by a vertical shaft north of the incline 
at a depth of 80 feet. The thickness of this body of mineral varies from 2i 
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feet near the surface to about 9 feet at the bottom, but its extent along the strike 
has not been investigated. It is said to give an average assay of $7 per ton in 
gold, and that certain portions of it show higher values. It can not be foretold 
whether or not this bedded deposit of hematite is gossan capping a body of sul- 
phide (either pyrite or chalcopyrite), but it ma}' prove to be so, and is regarded 
as deserving the expenditure necessary to reveal it in depth. 

The new shaft which is located about 250 feet south of the discovery should 
cut the vein at an estimated depth of about 225 feet if the observed dip continues. 

HIDDEN TREASURE TUNNEL. 

The Hidden Treasure group of claims is situated about one-half mile from 
the Gertrude, or 1 mile east of Battle. 

The country rocks penetrated by the tunnel are quartzites, quartz-schists, and 
altered diorite. All of the rocks are greatly mashed and brecciated, but at their 




Fig. 42.— Section of firat 720 feet of Hidden Treasure tunnel. Compare fig. 43. 

contacts a general northeast-southwest strike may be readih' made out, and the dip 
is toward the south (fig. 42). Surface outcrops are almost wanting except on the 
upper slopes of the ridge above the tunnel; here, however, the northeast strike and 
southerly dip may also be observed. The rock, which is here called diorite, is often 




liFni Quartilte ^^ Quarti-»chi»t LEJJ Water zone In quartzlte yt'yrl-l''.^ Olortte 

Fio. 43. — Plan of Hidden Treasure tunnel, showing relative course of faults and trend of strata. 

composed largely of chlorite, and is ordinarily much crushed and full of slips, and 
is even schistose in some places as a result of having been squeezed between the 
formerly massive beds of quartzite into which it is intrusive. This rock has been 
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derived from a facies of the basic gabbro rock which occurs throughout the region. 
The quartzite and quartz-schist are both greatly crushed and breccia ted, especially 
adjacent to the first 500 feet of the tunnel, where the quartzite breaks into small 
cubes when exposed to the air. The whole ground shows the effects of subterranean 
movements which have brought the rocks into a condition to allow of the ready 
peneti*ation of surface waters. Slips and faults occur throughout the mine, some 
of them forming the boundaries of different rocks, and others in rock of a single 
variety. Mineralization occurs at many points, but it probably originated previous 
to the general crushing of the rocks, as a rule, since they are too open to allow of 
the concentrntion of circulating waters in local channels. 

The object of driving the tunnel was to cut a vein which had been located on 
the summit of the ridge at a distance of 1,000 feet or more, and while this had not 
been reached at the time the mine was visited, a well-defined vein was encountered 

about 575 feet from the mouth of the 
tunnel. This vein has been opened by 
a shallow winze, and its characteristics 
were shown in a chamber excavated 
for the installation of a hoist. It 
strikes about N. 70^ E. and dips 
steeply toward the south. It occurs 
near the center of a mass of diorite 
intrusive in the quartzite, where it fills 
an irregular fissure (fig. 44). Twelve 
feet above the level of the tunnel its 
width is 4 or 5 inches, 5 feet above, 18 
inches, and at the floor of the chamber, 
2i feet. 

The gangue of the vein is composed of quartz, calcite, and siderite, sometimes 
accompanied by a small amount of feldspar. The ore minciuls are chalcopyrite, 
chalcocite, and malachite. A small amount of specular hematite also occurs. The 
chalcocite seems to be in excess of the other copper minerals, showing that consid- 
erable secondary alteration has taken place. 

Assays of nine samples of sulphides from various parts of the Hidden Treasure 
workings, made for the management by Prof. H. H. Nicholson, of Lincoln, Nebr., 
show an average of three-tenths ounce of gold per ton, while a single sample gave 
over 11 ounces per ton. 

SUN ANCHOR AND SWEET CLAIMS. 

These claims are situated upon a zone of metamorphism in the hornblende-schist 
series, extending in a general east-west direction along the northern face of Green 
Mountain, and crossing the southern branch of North Fork. 




Fio. 44.— Sketch of vein formed in fracture in dike of diorite, 
Hidden Treasure tunnel. Compare figs. 42 and 43. 
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The zone is marked by the occurrence of considerable massive green epidote 
and small bright-red garnets, and is said to have been traced for a distance of more 
than 2 miles. It has the same strike as the black hornblende-schist which occurs on 
either side of it, and at several points where it has been opened shows the presence 
of magnetite and chalcopyrite. These prospects are practically undeveloped, but 
the nature of the occurrence is readily recognized as similar to the deposit at the 
Verde or Hinton mine. " 




KURTZE CHATTERTON MINE. 

The Kurtze Chatterton property is located on Copper Creek ab6ut 5 miles 
southwest of Encampment. The country rock is mainly chlorite-schist derived 
from basic rock related to the giibbro intrusives, which are prominent throughout 
the region, but this is cut by dikes of red granite which are probably offshoots from 
the large mass of this rock situated to the south of Cop- 
per Creek. The chlorite schist occurs in a band between 
this granite and the steeply inclined quartzites to the 
north. The strike of the quartzites is nearly east and 
west, while the structure in the schists is somewhat 
more northerly. 

Several veins from 3 to 10 feet wide outcrop at 
the surface, and three were encountered in the tunnel. 
On the surface they strike somewhat north of west and 
appear to dip steepl}'^ toward the north, but in the tun- 
nel their dip is i-ather flat in the opposite direction. 

The ore is chalco(;ite in the shallow surface work- 
ings and chalcopyrite in the tunnel. The mineral is 
scattered through the vein matter, so that the whole must be mined as a low-grade 
ore which requires concentration. The veins, though mostly composed of quartz, 
contain some feldspar, which gives them a general resemblance to the pegmatite 
veins at the Cascade mine situated about 5 miles to the southeast. In the Cascade 
deposit, however, the ore Alls fractures in the veins, showing that it is of later 
origin, while in the Kurtze Chatterton veins the ore wa« formed at the same time 
as the quartz of the gangue. It is also confined to the quartz which often occupies 
the center of the vein, with the feldspar largely confined to the well-defined walls. 
The diagram (fig. 45) represents one of the veins which outcrops at the surface. 

The deposits are classed with the type named from the Continental vein in Cow 
Creek, which is characterized by the contemporaneity of the ore and gangue min- 
erals in veins between well-defined walls. 



FiQ. 45.— Stnicture of quartz and 
feldspar voin, Kurtze Chatterton 
claim. The black dots represent 
chalcoclte dLstributed through the 
quartz. 



a See pp. 53 and 97. 
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The property has been opened by a tunnel about 1,500 feet long, running in a 
northerly direction. The first 700 feet is mainly in barren granite, but at this 
distance chlorite-schist is encountered, and between it and the granite there is a 
quartz vein, about 1 foot wide, which carries chalcopyrite. This vein strikes 
nearly east and west and dips about 45° to the south. It has been opened by a 
drift 20 feet in length, which shows that the country rock, especially in the hang- 
ing wall, is much crushed. 

At 1,3(X) feet a second ledge lias been followed a short distance and found to be 
made up of very irregular lenses of pegmatite carrying chalcopyrite. 

A third body of ore-bearing quartz and feldspar from 5 to 10 feet wide was 
encountered 150 feet farther toward the north, but this pinches out along its 
strike and is not a continuous vein. 

A concentrator has been built at the mine. 

CASCADE MINE. 

f 

At the Cascade mine, located on the east side of Encampment River near 
the mouth of Cascade Creek, copper sulphides occur in a large dike or vein of 
l^egmatite, inclosed in a complex of considerably sheeted granite and diorite. 
The property has been developed by a shaft 100 feet deep, and by a tunnel 
which was 425 feet long in October, 1902, and which it was the intention to con- 
tinue to a distance of 800 feet to connect with the shaft. The general course of 
the vein is approximately parallel with the structure of the inclosing rocks — 
that is, N. 20^ W., and it dips irregularly toward the south, though at the out- 
crop it appears to be nearly vertical. In the shaft the vein was cut at a depth 
of 80 feet and developed by a crosscut, in which it was shown to have a width 
of 24 feet and to have well-marked walls with clay gouge.. Ore is generally 
distributed through the vein, but occurs in the greatest amounts upon the foot 
wall. Upon the northeast side the country rock is diorite, while upon the south- 
west side it is granite. In the vicinity of the shaft the country rock is found 
to be general!}' gneissic, and near the mouth of the tunnel the country rock is 
composed of bands of alaskite^ and granite, with some diorite, both siliceous and 
basic phases of which occur in narrow bands. The material thrown out of the 
shaft indicates that surface waters have accomplished a slight amount of enrich- 
ment of the chalcopyrite, which forms the main portion of the ore. 

About 6,000 feet northwest of the Cascade shaft a vein of pegmatite is found 
which is supposed to be the same lead. 

In the field it was regarded as probable that the chalcopyrite had originated 
in the vein as a primary constituent, along with the quartz and the feldspar, but an 

« Alaskite is a rock related to granite, but composed easentially of quartz and orthoclase feldspar without dark silicate 
minerals. 
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examination of the specimens under the microscope nhows that the sulphides are 
in part at least later than the other minerals, having crystallized after the 
pegmatite has been fractured. 

ITMAY MINE. 

The Itmay property is located near the head of Roaring Fork, south of 
Huston Park, -in sec. 14, T. 13 N., R. 85 W. The country rock is gniy quartz- 
diorite. The ore occurs along the 
walls of a much altered basic dike 
intrusive into the quartz-diorite. The 
course of this dike is about N. 70^ 
E., and it dips steeply toward t\m 
south. A section of the vein, show- 
ing its general characteristics is given 
(fig. 46). 

On the north side the country 
rock is massive excepting for a band 
of schistose gouge next to the dike. 
This band is 2i feet wide at the sur- 
face, and a streak of ore, occurring 
somewhat irregularly in it, varies 
from a few inches up to 2 feet. The 
dike is about 10 ieet wide and is 
often impregnated with ore. Along 
the hanging wall the sulphide streak 
has been found to be from 8 to 10 
inches wide. Onh^ a small amount 
of quartz occurs with tin* ore, the 
gangue being mostly composed of the 
inclosing rock. 

But little secondarv alteration has 
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46.— Sketch of Itmay vein, look injj: Houthwest. 
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taken place, and there are jmictieally no other copper minenils besides chalcopyr- 
ite, which appears within 8 feet of the surface outcrop. A sample of sulphide 
ore from the dump gave 17.92 per cent copper and J?l per ton in gold. 

In August, 1J>02, the vein had been opened l)y a shaft which was about 50 
feet deep, but a steam hoist has since l)een instalUni for the purpose of more 
extensive development. 



HINTON MINE. 

This property is located al)(>ut 7 miles due south from Rattle. 
2100— No. 25—04 7 
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characteristics of the deposit have been given on page 53, and its probable 
genesis is discussed elsewhere in this report (pp. 56, 58). 

The gossan of the vein, which is very shallow, consists of spongy iron oxide, 
mixed with decomposed and iron-stained garnet, and with the other material of 
the le^d which is relatively fresh in appearance more or less distributed through 
it. Practically, no secondary sulphides were encountered, and unaltered chal- 
copyrite occurred in one instance within 12 feet of the surface. The very 
superficial extent to which the vein has been leached by surface waters, is 
undoubtedly due to the very tight nature of the ground, the lead* having no 
gouge or slips along its walls. An average sample from the mine dump gave 
8.18 per cent copper and 40 cents in gold. 

From the strength which the lead exhibits in outcrop, and from the fact that 
the richness of the ore which occurs, though moderate, is not due to secondary 
enrichment, it may be expected that it wall continue to a considerable depth. 

At the time the mine was visited, in July, 1902, several shafts, from 30 to 50 
feet in depth, had encountered ore, though hardly in sufficient amounts to be mined 
profitably. Since that time a steam hoist has been installed, and one of the shafts 
was reported to have re^uihed a depth of 110 feet in June, 1903. 

On an adjoining claim to the east a good body of ore is reported at 40 feet. 

This deposit is believed to have been formed during the metamorphism of the 
schists in which it occurs, as stated on page 56. 

ARGENTIFEROUS VEINS. 

Deposits of galena, variously associated with other sulphides and carrying silver, 
occur in veins both to the north of the immediate area of the Encampment map, and 
also in one instance near its southern border. This mineral is always associated with 
quaHz, usually in veins filling well-defined fissures, which may cross or follow the 
stratification or schistosity of the inclosing rocks. Though they were not specifically 
mentioned in the classification of the copper ores of the district, their mode of occur- 
rence allies them with copper veins of the Continental type, in which the sulphides 
and quartz were formed at the same time. 

Pyrite and chalcopyrite ordinarily occur with the galena, and chalcocite is ordi- 
narily present where primary minerals carrying copper have been altered. 

META MINE. 

The Meta property is situated at the head of a branch of South Spring Cre^k 
about 1 mile north of the boundary of the area covered by the Encampment map. 

The rocks in the vicinity are gray gneiss derived from quartz-diorite, and black 
schistose diorite derived from gabbro, which occur in alternating beds, striking 
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nearly northeast and southwest, and declining slightly toward the northwest. The 
surfaces of separation between masses of the two rocks are parallel to the gneissic 
structure, and several systems of joints are well developed. Nearly vertical fractures 
running northeast and southwest are very prominent, but these contain no quartz, 
which is a common filling in a system of east-northeast fissures, one of which contains 
the Meta vein. 

As exposed in surface work- 
ings, the vein of quartz and calcite 
has a width of 7 inches. It is 
inclosed between sharp walls with 
considerable gangue on both sides 
and marked sheeting in the rock 
adjacent (fig. 47). 

Underground the vein is re- 
ported to have a width of from 

2 to 3 feet. When Unoxidized fig. 47.-Sketch section of the fonnations at the Meta mine, showing 

the ore is mainly galena, with relations of vein. 

some chalcopyrite and a little zinc blende, but in the upper workings it is largely 
carbonate of lead, the mineral cerrusite. A single carload of ore is reported to 
have been shipped from this mine which gave a fairly good assay for silver, 
but seemed not to have been sufficiently high grade to stand transportation 
charges, since the property has been idle for several years. 
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ALMA PROPERTY. 

This property lies southwest of the Meta, on the divide between North Spring 
and South Spring creeks, about one-half mile beyond the boundary of the map. The 
country rock is mainly black schistose diorite, but gray quartz-diorite also occurs 
near by, and there are some thin beds of sedimentary quartzite and a few dikes 
of alaskite. 

The gangue of the vein is mainly quartz, with some siderite, and the prin- 
cipal ore minerals are galena and chalcopyrite. The width of the vein is about 
18 inches, its course, like that of the Meta, east by northeast, and its dip from 
40^ to 60° toward the north. 

BRIDGER MINE. 

This property is situated on the Continental Divide, several miles north of the 
Sierra Madre. The vein was discovered by F. O. Williams in 1876. The country 
rock in the neighborhood is mainly quartzite and diorite (metagabbro), which is 
often schistose. There are many quartz veins outcropping in the vicinity, and 
most of them contain some feldspar, especially near their walls. When sulphides 
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occur they are always in the quartz, usually without other gangue, though 
calcite sometimes occurs. Most of them are said to contain a few dollars in 
gold, but as a rule they are regarded as untrustworthy, since they 
are liable to disappear suddenly as they are traced down- 
ward. 

A section representing the general relations of the Bridger 
vein is here given (fig. 48). 

The strike of the vein and of the country rock is north- 
west and southeast, and the dip varies from 25° to 55°, the 
latter being observed at the Bridger shaft. 

The section given in fig. 49 shows the general relations in 
the mine where there are three veins of quartz following the 
stratification and schistosity of the inclosing sheeted quartzite. 
Similar relations also exist in the discovery outcrop 100 yards 
toward the southeast, and the lead can be followed for a dis- 
tance of nearly 3,000 feet. 

The hanging- wall streak averages 10 inches in width in the 
mine. It is composed of altered quartzite which is greatly 
mineralized. At the surface it is very rusty, and it is somewhat 
oxidized to the bottom of the workings, which are 128 feet 
deep on the vein. It is said to give assays from a trace to 69 
ounces gold per ton, the richest ore having been found near the 
surface. With depth the values in gold are said to decrease, 
though those in silver increase. 

The middle streak varies from 6 inches to 3 feet in width. 
It is composed of hard quartzite filled with vein quartz, the 
two having almost the same appearance and containing some 
calcite. The sulphides are galena and chalcocite, but tellurium 
and selenium are present as well. A sample of 100 pounds 
representing the average of this streak is reported to have 
assayed 90 ounces silver and $5 in gold per ton. The foot-wall 
streak, which varies in width from 4 to 10 inches, contains 
both silver and gold in about the same proportion as the others. 

GOLD COIN CLAIM. 

On this claim, situated south of the Bridger property, there 
is a quartz and calcite vein about 1 foot wide, carrying bunches 
of galena and some pyrite and chalcopyrite. Both silver and gold are reported. 
The vein fills a well-defined fissure, striking about N. 75° E. and dipping 
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at a high angle toward the south. It cuts across the schistosity of the black 
diorite which incloses it and has several inches of soft selvage on each side sepamt- 
ing it from the massive country rock. The vein has been developed by two shafts, 
46 and 100 feet deep, respectively, and there are seveml drifts. Work was in 
progress during the autumn of ^e 
1902. • _a^^^r---^— ^^^»^r^r, ^ 

ELKHORN MINE. 

This property, which lies in 
Colorado about 1^ miles south of 
the State line, was located in 1897. 
Considerable work has been done 
on the vein, and several carloads 
of ore have been hauled out to 
Rawlins, a distance of about 100 
miles. 

The country rock is a dark 
hornblende rock, probably l)elong- 
ing to the schist series, and th(^ 
vein fills a well-defined fissure. It 
has been traced for a distance of 
several hundred feet upon the sur- 
face and has been opened at sev- 
eml points and found to have a 
general course about N. 6-^ W. 
It dips slightly toward the west. At the time the property was visited the workings 
were filled with water, l)ut from the dumps the nature of the ore could l>e deter- 
mined. The shipping ore seems to have been mainly giilena and cerussite, con- 
taining some pyrite and chalcopyrite, whih* a considera})le amount of zinc blende 
was removed 1)}^ sorting. The ore which was shipped is reported to have yielded 
$97 per ton, ^lO in gold and the remainder in silver. 
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Fig. 49.— DeUiiled structure of Bridger vein as exposed in shaft, 
a, foot-wall vein, composied of quartz carrying sulphide mineniLs 
with gold and silver: ft, schist containing lenses of quartz; c, mid- 
dle vein, coni|>osed of quartz and indurated <iuartzite with some 
calcite, an<i containing galena and chalcopyrite carrying gold and 
silver; il, schist with lenses of quartz; c, lianging-wall vein, com- 
posed of indurated quartzite ^e^^embling vein quartz (this portion 
of the vein carries the best values in gold); /, schistose diorite form- 
ing hanging wall. The vein oc(!urs between diorite and quartzite. 



CHAPTER V. 
PRACTICAJL STTGGESTION8. 

A question of prime importance to those engaged in the search for copper 
deposits in the Encampment country is whether or not deep exploration will 
reveal the presence of workable ore Ixjdies which do not appear at the surface. 
The expectation that this will be the case, which is somewhat prevalent in the 
region, seems to Ije based upon the fact that in parte of Arizona and in certain 
other districts the upper edges of large, high-grade ore bodies are encountered 
at depths of 3(K) to 500 feet or more. In regions where the upper portions of 
copper veins are found to be barren, and where the ore is found in secondary 
concentrations at considerable depth, the mode of occurrence seems to be 
directly dependent upon climatic conditions which have never existed in the 
region here under discussion, and for the Encampment field it is believed that 
deep prospecting is not generally advisable. On the other hand, the value of 
underground work intended to demonstrate the presence of workable ore bodies 
depends upon the fidelity with which operations are confined to actual ore bodies, 
or to ore indications. 

In the Encampment region wherever minerals of primary deposition, such 
as chalcopyrite, or pyrrhotite, are found near the surface unmixed with carbonates 
or oxides of copper, or with sulphides of higher grade, it is believed that there 
can be no soimd basis for predicting any increase, either in the richness or the 
size of ore bodies with increasing depth. If the ore is found to improve in 
any particular case, it is as likely to decrease in value in the next, and in general 
it may be said that after an ore body lias been lost the discovery of another by 
sinking will always 1)0 a matter of chance. 

It is suggested that a fair estimate of the manner in which the copper min- 
erals are distributed underground may be obtained from the distribution of miner- 
alization upon the surface. The present topography is the result of erosion, which 
has removed a large amount of rock which formerly existed above the prcvsent 
surface, and ore segregations doubtless existed in the rock which has been removed 
as well as in the material which now remains, so that the present surface has only 
a chance relationship to the position and dimensions of the primary sulphide 
102 
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deposits. It therefore seems safe to say that after eliminating recognizable second- 
ary concentrations a careful estimation of the importance of all deposits appearing 
in outcrop in any given area would not differ essentially from similar estimations 
which might be made were it possible to expose new surfaces to exploration by 
the removal of successive shells of constant thickness from the same area. Also 
it may be argued that the distribution of ore minerals in any vertical section 
across a given belt would not vary materially from the surface distribution of the 
same sorts of rocks. In the Encampment district no primary ore deposits of work- 
able size have yet been developed at the surface, and if the amount of copper ore 
to be encountered below ground can be even roughly estimated from the surface 
occurrence in the manner suggested, the wisdom of confining all exploratory 
work to actual ore bodies will be at once recognized. 

The foregoing remarks apply to the search for primary ore minerals, but there 
is equal reason for believing that where secondary enrichment is to be expected 
prospecting should also be confined to ore indications. If deep exploration is 
warranted at all it will be only in cases where gossan deposits can be followed; but 
from the fact that the known workable ore bodies of the region have been invariably 
encountered within from 15 to 75 feet from the surface, it is anticipated that where 
limonite cappings are found copper sulphides, if present, will be encountered at 
relatively slight depth. Where primary minerals occur at or near the surface it 
may be safely assumed that no secondary enrichment will be found lower down, and 
if any change in the value of the ores occurs they are more apt to become poorer 
than the contrary. Experience in other fields points to the probability that below 
a maximum zone the secondary ores will decrease in richness with increasing depth 
until the unaltered sulphides are reached. 

The point can not be too strongly urged that copper stains or even fairly well- 
defined bodies of ore or gossan occurring in outcrops can not be taken as evidence 
that continuous veins or large bodies of ore exist in depth, waiting to be revealed 
by deep shafts or long tunnels. 
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ECONOMIC RESOURCES OF THE NORTHERN BLACK HILLS. 

PART L— GENERAL GEOLOGY. 



By Thomas Augustus Jaggar, Jr. 



IXTRODUCTIOX. 

The mining district of the Black Hills, comprised within the Spearfish and 
Sturgis quadrangles, was surveyed geologically in the summers of 1898 and 1899 
under the direction of Mr. S. F. Emmons. The following pages present a brief 
summary of the geologic features, more especially with reference to ore-bearing 
formations. These are confined to the Algonkian and Paleozoic strata and their 
associated eruptives. 

BIBLIOGRAPHY. 

Descriptions of the general geology of the Black Hills may be found in the 
following publications: 

1. Explorations in Nebraska and Dakota in 1855, 1856, 1857, by G. K. Warren, Engineer Depart- 
ment, U. S. A., 1875, p. 30. 

2. Geological report of the exploration of the Yellowstone and Missouri rivers, 1859-60, by F. V. 
Hayden, 1869, p. 42. 

3. Geological report on the Black Hills, by N. H. Winchell: Report on a reconnaissance of the 
Black Hills of Dakota made in the summer of 1874, by William Ludlow, captain of Engineers, 
U. S. A., 1875, pp. 17, 37. 

4. Report on the geology and resources of the Black Hills of Dakota, by Henry Newton and 
Walter P. Jenney: U. 8. Geog. and Geol. Surv. Rocky Mountain Region, 1880, pp. 189, 219, 283. 

5. Geology of the Black Hills of Dakota, by W. O. Crosby: Proc. Boston Soc. Nat Hist., vol. 23, 
1888, pp. 488-517; vol. 24, p. 11. 

6. Notes on the geology of the Black Hills, ))y F. R. Carpenter: Preliminarj' report of the Dakota 
School of Mines u|>on the geology, mineral resources, and mills of the Black Hills of Dakota, Rapid 
City, 1888. 

7. A contribution to the geology of the northern Black Hills, by John Duer Irving: Ann. New 
York Acad. Sci., vol. 12, No. 9, p. 187 et se<i. 

8. The laccoliths of the Black Hills, by T. A. Jaggar, jr., with a chapter on experiments illus- 
trating intrusion and erosion, by Ernest Howe: Twenty-first Ann. Rept. U. S. Geol. Survey, pt. 3, 
1900, p. 163. 
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9. Preliminary description of the geology and water resources of the southern half of the Black 
Hills and adjoining regions in South Dakota and Wyoming, by N. H. Darton: Twenty-first Ann. 
Rept. U. S. Geol. Surv^ey, pt 4, 1900, p. 489. 

10. The Oelrichs quadrangle, by N. H. Darton: Geologic Atlas U. S., folio 85, U. S. Geol. 
Sur\^ey, 1902. 

GEXERAIi STRUCTURE. 

The Black Hills are well known to constitute the type of dome structure. 
The}" rise like an island in the midst of the Great Plains, with culminating peaks 
of pre-Cambrian granite intrusive in Algonkian schists, and these same schists and 
granite may be followed outward from the center of the Hills to an encircling 
escarpment of Paleozoic rocks dipping away on the northern, southern, and eastern 
sides, and mantling over the schists to form an extensive forested limestone plateau 
on the west. The center of activity of the younger porphyry intrusions and of ore 
deposition is Terry Peak, a summit rising 7,069 feet above the sea, in the northern 
portion of the schist area exposed on the eastern side of the uplift. Northwest, 
north, and northeast of Ten-y Peak occur a large number of intrusive bodies in 
beds ranging from Algonkian to Benton Cretaceous. The structure and forms of 
these igneous bodies vary chiefly with the horizon of intrusion. 

TOPOGRAPHY AXD DRAINAGE. 

The drainage of the northern Hills follows in general radial courses conse- 
quent upon the original slopes of the uplift as a whole. Where erosion has gone 
deepest this drainage has become modified by the development of valleys along 
the softer rocks, and, in consequence, subsequent valleys having courses concentric 
to the dome tend to follow along the strike of the Paleozoic and Mesozoic beds. 
The most conspicuous of these valleys is the well-known Red Valley, which forms 
a continuous depression around the Black Hills uplift. 

Four streams drain the Terry Peak eruptive center, flowing east, northeast, 
and north; these are Elk, Bear Butte, Whitewood, and Spearfish creeks. The 
dminage system of each of these has eroded away strata which capped igneous 
intrusives; and the porphyries, by reason of their more resistant quality, usually 
form prominent eminences alx)ve the general level. 

The westernmost of the streams mentioned, Spearfish Creek, forms for 20 miles 
an impressive canyon in the limestone plateau, from which the stream emerges 
into the Red Valley at Spearfish. For a portion of its course this stream, which 
is to-day one of the most powerful in the Hills, flows along the contact of the 
Algonkian schists with the basal beds of the Cambrian; above the mouth of Annie 
Creek the stream leaves the last outcrop of schist, and from here to the mouth 
of Robison Gulch, under Spearfish Peak, flows on Cambrian beds, cutting into 
porphyry masses at Annie, Squaw, and Rubicon gulches; then, entering the zone 
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of north-dipping Paleozoics, progressively cuts its way across Ordovician, Carbon- 
iferous, and Permian beds before emerging on the Triassic lowland of the Red 
Valley. (See PI. I.) 

Whitewood and Bear Butte creeks, which flow to the northeast, traverse a 
more varied topography before they emerge from the Hills. They take their rise 
among Cambrian strata and porphyries, and their headwater branches have assisted 
in carving out the northern portion of the exposed Algonkian core of the Black 
Hills uplift. Through portions of their courses deep V-shaped gulches have been 
cut in the schists, and wall canyons in the Carboniferous limestone. Each for- 
mation in turn has its characteristic erosion form, which varies little throughout 
the northern Hills, and is usually directly dependent upon its relative capacity 
for resisting erosion. Indeed, tbo drainage as a whole, while retaining consequent 
courses in general for the master streams, shows many modifications by adjustment, 
more especially in the tributary branches, and occasionlly striking instances of 
capture are evident. 

Elk Creek, flowing east, drains on the south the high Algonkian plateau land 
which marks a portion of the area of maximum uplift. The upper portions of 
its course are characterized b}^ broad meadow bottoms and gentle slopes from 
upland ''flats" consisting of Cambrian or porphyry caps over schist. Where the 
stream enters the limestone, which is here of extraordinary thickness, a magnifi- 
cent can3'^on with vertical walls rising sheer from 200 to 400 feet has been cut. 
Through this canyon the engineers of the Black Hills and Fort Pierre Railroad 
have built one of the most picturesque routes of travel in the country. Steaming 
through this impressive gorge the traveler moving eastward finds it difficult for 
some time to discover any considerable dip in the massive limestones, which 
retain for several miles the appearance of uniform thickness in the precipitous 
cliflfs that wall in the torrent. Eventually, however, the canyon widens out and 
the limestone cliflfs are replaced by bright-colored beds of the Minnelusa "alternate 
series," and then suddenly the characteristic gateway of Minnekahta limestone is 
passed and the train emerges into the broad lowland of the Red Valley with its 
red marls and tilled fields. 

TOPOGRAPHIC TYPES. 

The Algonkian schists form flat uplands, and when they occur as massive 
upturned quartzites frequently jut out in colossal walls. Near Elk Creek one of 
these quartzite walls may be traced for miles, strongly resembling a dike. Else- 
where the Algonkian forms the bottoms of streams that have cut through the 
softer Cambrian beds, or forms, with its characteristic steeply inclined banding, 
the slopes of steep gulches, like Whitewood Creek along the line of the Burling- 
ton Railroad. The man}'^ branches of the railway systems afford excellent sections 
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of the Algonkian as they wind in and out along gullies and spurs to maintain 
their grade, and these railway branches and loops are now so numerous in the 
mining district as to form a conspicuous artificial feature in the topography; the 
same may be said of the innimierable tunnels and prospect holes with their 
dumps jutting out from the steep gulch slopes, the size of the dump an index of 
the depth of the digging. Thanks to this artificial " honeycomb'- underground 
and the clean railway cuts above, much is now exposed to the geologist that was 
completely masked twenty years ago. 

The Cambrian section, where exposed beneath a protecting cover of lime- 
stone, frequently forms wall cliflfs of red and brown color, striped parallel to the 
stratification, one notable red band in the upper part of the formation being 
conspicuous in many places. The type locality occurs on the west side of White- 
wood Creek, }ust below Deadwood. Where its protecting limestone cover has 
been eroded away the Cambrian is likely to weather into rounded forest-covered 
hills of inconspicuous outcrop, like those occurring south of Elk Creek in the 
vicinity of Meadow Creek. Immediately beneath the Ordovician limestone the 
Cambrian usually forms a bench, occasioned by the hard and salient "worm- 
eaten" {Scolitkus) quartzite jutting out from beneath thick, soft, green shales 
(see fig. 1). 

The Ordovician limestone, in consequence of this relation and of another shale 
band above it, is frequently masked by talus, but, where its thickness Is sufficient, 
forms a yellow bench, well shown in Whitewood Canyon on the route of the 
Fremont, Elkhom and Missouri Valley Railroad. This bench is rarely seen west 
of Deadwood, and the Ordivician is diflicult to identify in Upper Spearfish Canyon. 
It occurs north of Annie Creek at several points in the canyon, at Crown Hill, 
and at Carbonate. 

The Pahasapa formation, equivalent to the Madison limestone of the Rocky 
Mountains, is naturally the principal cliflf-niaker, and its escarpment forms a con- 
spicuous feature in the landscape everywhere. A more irregular and variegated 
cliff, colored purple, red, and white, and presenting one of the most picturesque 
color effects, is made by the Minnelusa sandstone, forming the "sand hills'' 
encountered in driving out from the Hills just before reaching the Red Valle3\ 
The sandy soil of the Minnelusa frequently produces holes and sand in the roads 
which traverse this zone. 

The Minnekahta limestone of the Permian forms one of the most striking 
topographic features of the Hills. Dipping away with wonderful uniformity from 
the uplifted dome, the outflowing streams invariably cut through it a V-shaped 
gateway, making in the interstream spaces crescent-shaped scarps of the 30-foot 
limestone over the soft red sandstone that underlies it. The outer slope of the 
jointed limestone is usually washed bare and on the inner side of the Red Valley 
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forms what has been aptly called a tessellated pavement. The '•lied Beds" them- 
selves rarely present good exposures, though oecasionally the streams which 
meander through the valley cut them into small buttes or mesas, capped by gypsum, 
which exhibit a bedded cross section. Such a section may be seen east of 
Whitewood. 

Continuing outward from the Hills, the Jurassic beds outcrop on the inface 
of the Cretaceous escarpment that makes th(* outer wall of the Red Valley, and 
a conspicuous feature of these beds in the Sturgis district is a hard quartzit^ which 
forms angular blocks upon the slope. The crest of this slope is usually a rock 
face of coffee-colored or yellowish sandstone of Lower Cretaceous age. This 
sandstone slopes away toward irregular hills formed of other members of this 
series. The Dakota sandstone is the last hard, salient bed, an'd this in turn dips 
gently beneath a wide, arid tract of Benton black shale, the monotony of which 
is broken only by distant buttes of Niobnim limestone that appear upon the sky 
line far out across the plains. 

STRATI OR APII Y. 

DYNAMIC SIGNIFICANCE OF STRATIGRAPHY. 

In the columnar section, lig. 1, are shown the average thickness and lithologic 
character of Paleozoic and Mesozoic rocks. In connection with the interpretation 
of dynamics of intrusion and accompanying mineralization, the distribution of 
thin-bedded and thick-bedded strata in the colunm is of great importance. Irving 
has shown the importance of shale beds as favorite horizons of intrusion: they 
are the readiest to yield to a viscous wedge of igneous matter. The columnar 
section shows three thick beds of soft material, one at the top of the Cambrian, 
the Permo-Triassic red beds, and the Benton shales. The tirst underlies the most 
massive '* competent"'' member of the whole series — i. e. the great limestone, 
including both Ordovician and Carl)oniferous. The lower red bed underlies the 
massive layer known as Minnekahta or purple limestone, which is overlain by 
easily deformed thick beds of red marl, while the soft, black Benton shales 
underlie the Niobrara limestone. 

In addition to these three conspicuous shale horizons, other stratigraphic relations 
which would tend to influence intrusion are as follows: The Algonkian lamination 
abuts a])ruptly upward against the hard basal Cambrian (juartzite or conglomerate, . 
and this same lamination, while fairly uniform in its strike (NNW.), varies in its 
inclination east and w^est of the vertical, though it is prevailingly westerly in the 
Terry Peak region. An example of change in dip of the schists occurs at Central, 

'I Willis, Bailey, The meehanics of Appalachiaii structure: Thirteenth Ann. Kept. l'. S. Geol. Survey, pt. '2, ls92, 
p. 250. "A thnmting layer firm enough to transmit the effeetive foree" in i»tmta folding under Intenil comprej«sion l.s 
called a "competent" stratum. The same word may be applie<l to a stratum resistant to the upward progresn of an 
Intnisive magma, and thus competent to dome upward rather than split and mash like shale. 
49^7— Xo. 26—04 2 
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in Dead wood Gulch, nearly opposite the De Smet open cut. (See section, p. 33.) 
Throughout the Cambrian, thin-bedded paper shales alternate with flags and sand- 
stones, forming innumerable thin parting planes. Thin shales occur also above the 
Ordovician and in the Minnelusa, Jura, mid Lower Cretaceous. 

VARIATIONS IN THICKNESS. 

The columnar section (fig. 1) shows avenige thickness for tiie northeastern part 
of the Black Hills. These figures are generalized from sections measured in Spear- 
fish, Whitewood, Bear Butte, and 
Elk (»anyons. The progressive 
variation in this series of meas- 
urements, which is most signifi- 
cant in connection with the in- 
trusives, is shown in the dia- 
grammatic strike section (vertical 
exaggeration X 2.5) from north- 
west to southeast inserted on the 
map, PI. 1. From a thickness 
at Beaver Creek of probably not 
more than 400 feet, just west 
of the mapped area, the Siluro- 
Carbonif erous massive limestone, 
grouped as a single competent 
member, thickens to more than 
700 feet in Spearfish Canyon. 
The Cambrian beds maintain 
throughout this region a rather 
uniform thickness, but probably 
diminish where the limestone is 
thickest. There is some evidence 
that the present course of Spear- 
fish Canyon marks the axial 
region of a gentle syncline of 
deposition under the great lime- 
stone. For this reason the thicknesses in the section have been referred to an upper 
datum level, namely, the top of the gray Pahasapa limestone. 

The Algonkian surface thus sectioned is seen to be warped into undulations. 
That some such undulations occur, and of much more pronounced relief than that 
represented in the section, is amply proved at several points. One of these is 
between Knglewood and Nevada Gulch, where there is a rise in the Algonkian- 
Cambrian contact of 400 feet in a northwest direction; that is, along a line tangent 




Fig. 1.— Generalized columnar section of northern Black Hills. 

N. B.— The beds here denignated Silurian have recently been deter- 
mined to U'long rather to the Oniovician. 
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to the curvature of the elliptical area of the Black Hills uplift. Similarly the schist 
surface beneath the Cambrian at Brownville, on upper Elk Creek, shows a very 
rapid rise westward toward Woodville. Coarse Cambrian conglomerate fills hollows 
between ancient Algonkian quartzite reefs on the upland 4 miles southeast of 
Virginia, on Bear Butte Creek, so that irregular relief in the original Algonkian 
surface, as well as irregularities induced by deformation, may be safely postulated. 
Warping of the schist surface in post-Paleozoic time probably proceeded largely by 
small slippings on lamination planes. These movements, when communicated to 
the flat-lying Cambrian beds above, produced innumerable small frac*tures — the 
''verticals" of the mines. The coincidence in trend between verticals and Algon- 
kian lamination planes (NNW.) is remarkable. The thickness of the Algonkian is 
unknown, but there Ls good reason for supix)sing that its nearly vertical structure 
marks a series of isoclinal folds in which eventually some recurrent horizons may be 
identifiable. As is to l>e expected in isoclinal structure, the schistosity usually 
conforms to the original bedding, but in places where the axial region of a fold is 
exposed the lamination is seen to be distinctly transverse to the bedding, as in 
Deadwood Gulch, near the town of Central. (See PI. HI.) 

East from Spearfish Canyon the great limestone shows a remarkable thinning, 
from 700 feet to a total thickness of probably not more than 100 feet on the flanks 
of Polo Mountain, a distance of 6 miles. The Cambrian thickens, but not in the 
same proportion; at Deadwood it has a thickness of between 400 and 500 feet. From 
Polo Peak, where the limestone stratigniphically overlies the greater porphyry masses 
of the Terry Peak complex, this massive member steadily thickens southeastward, 
reaching S(H) feet at Whitewood Canyon, about 500 feet in Bear Butte Canyon, and 
probably more than 800 feet in Elk Creek Canyon. The Cambrian beds thicken at 
Bear Butte Creek, and then thin away to between 100 and 200 feet south of Elk 
Creek; and farther south, on the flanks of the Harney Range, the Cambrian almost 
disappears. 

Summarizing this section from Beaver Creek to Elk Creek, the thick limestone 
in Spearfish Canyon separates two areas of igneous irruption and Algonkian elevation, 
namely, the Bald Mountain and Nigger Hill mining districts. The Terry Peak center 
of irruption underlies the thinnest portion of the limestone. The Two Bit region of 
maximum development of sills is where the Cambrian is thickest, and the Kunkel 
region of large poi'phyr}^ masses in and above the limestone is where the Cambrian 
thins and the limestone becomes thickest. A study of the map will show these rela- 
tions. The Nigger Hill Algonkian area lies outside of the mapped area, on the west. 
(See PI. I.) 

The paleontologic, lithologic, and topographic characters of the geologic column 
are best expressed in tabular form. Local formation names are avoided except 
where alreadv in the literature of the Black Hills. 
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rNTRUSnTE PORPHYRIES. 

LITHOLOGY. 

The porphyries vary in kind from rhyolite, diorite-porphyry, and syenite- 
porphyry to more alkaline rocks, which may be classed as phonolites and groru- 
dites. Irving^ has described many of the types, and there is here a remarkable 
series of gradations which renders the region exceptionally favorable for study of 
magmatic differentiation. He has distinguished the following families: 

Grorudite, — Highly alkaline rocks containing orthoclase, quartz, sBgirine-augite, 
and sBgirine. In some types accessory albite, microcline, and biotite. Localities: 
Terry Peak, Bald Mountain, Elk Mountain, Lost Camp Creek, Annie Creek, sheet 
on the Burlington Railroad east of Terry Peak, and in the Sunset mine. 

Phonolite. — Rocks rich in soda, forming the more basic phase of the grorudites. 
Composed of orthoclase, anorthoclase, microcline, sBgirine-augite, segirine, nepheline, 
nosean with accessory hauyne, biotite, magnetite, titanite, melanite garnet, and 
possibly leucite. Localities: Ragged Top Mountain, Squaw and Annie creeks. Cal- 
amity Gulch, Mato Tepee, Green Mountain (peak next west of *Bald Mountain), 
Whitetail Gulch, east slope of Bald Mountain, and False Bottom stock. 

Rhyolite-porphyry and dacite, — Phenocrysts of orthoclase, plagipclase, and 
quartz in a fine-grained groundmass of quartz and feldspar; hornblende and biotite 
in varying amounts. Localities: Head of Squaw Creek, Foley Peak, Texana, Custer 
Peak, Butcher Gulch, Deadman laccolith, north side of Vanocker laccolith. Two Bit, 
Pluma, Bear Butte, lower portions of Sheep Mountain, Whitewood Canyon laccolith, 
dikes in many portions of Terry Peak district, Crow Peak, Inyankara, Sundance 
Mountain, and Warren Peaks. 

Andesite-porphyi'y^ diorite-poiphyry^ and di&rite, — Porphyriti<5 rocks containing 
phenocrysts of plagioclase, orthoclase, hornblende, and biotite in a fine-grained 
groundmass of plagioclase, quartz, and chlorite. The rock shows transitions to 
trachytic forms which may be called syenite-porphyry. Localities: Sills in Squaw 
Creek and in Ruby Basin, at the Needles, and in the region of the Vanocker 
laccolith. 

Diorite forms the Dead wood Gulch stock above the town of Central. It is 
a gray rock of granitoid texture, showing a tendency, however, to automorphism 
in the component minerals; it contains hornblende, plagioclase, quartz, biotite, and 
accessory orthoclase. 

Lamprophyre, — A basic rock in small dikes cutting the diorite-porphyry of 
the Needles, and again near the head of Iron Creek; it is composed of a tine, 
automorphic aggregate of augite and feldspar, with accessory hornblende and 
magnetite. Irving considers it the final and basic representative of the soda-rich 
magma that constitutes the principal Black Hills eruptive series. 



"Irving, J. I).. Annals Nt'W York Acad. Sci., vol. 12, No. 9, p. 244 et sfq. 
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It will be seen from the above that the rocks represented are not unlike many 
others that have been described from laccolithic mountains of the Rocky Mountain 
region,^ and it is not possible at present to state positively whether a sharp dis- 
tinction, marking different eruption periods, may be drawn between the phonolite- 
grorudite and the rhyolite-andesite magmas. The evidence points rather to a 
gradual transition between the two. The terms rhyolite and phonolite are unfor- 
tunately associated with extrusion, and it might be less confusing to speak of these 
rocks as granite-porphyries and monzonite-porphyries, but their structure would 
hardly warrant such a terminology. In distribution the dike region of the schist 
area contains both phonolitic and rhyolitic rocks; the sills of Two Bit and Squaw 
Creek districts are in general andesite-porphyry and diorite-porphyry; the outlying 
thick "plug-like" laccoliths, as well as a great portion of the greater Terry and 
Bearlodge complexes, are mostly rhyolite. But over the rhyolite on many hills, 
as Terry, Deer, Bald, and Sheep mountains, occur phonolitic caps, and the mass of 
Ragged Top, the Spearfish Peak group of laccoliths in the Carboniferous, and Mato 
Teepee are phonolite. The diorite magma is represented by a great stock in Dead- 
wood Gulch, and its porphyry forms the mass of the Needles to the west and 
portions of the Vanocker laccolith to the east. 

RELATIVE AGE OF PORPHYRIES. 

Differences in relative age among the porphyries certainly occur if the transec- 
tion of one dike by another may be considered conclusive evidence that the second 
is younger than the first. This evidence, however, has no conclusive value in a 
single instance, for one portion of a magma might readily crystallize and split up 
to receive later injections of differentiated material originally part of the same igne- 
ous fluid. Between the solidifying of No. 1 and the injection of No. 2 the time 
elapsed may not have been great enough to cover the whole period of solidifica- 
tion of the larger masses of No. 1. If this were true a later injection of No. 1 
might elsewhere cut an already- solidified body of No. 2, in which case the 
apparent relations in age would be reversed. The preponderance of evidence 
would seem to show that in the Black Hills the phonolite magma as a whole is 
younger than the rhyolite magma. 

Many occurrences in the field of dikes of one kind of porphyry cutting 
another may be cited. In the Two Bit district the greater masses of syenite- 
porphyry var}' from a hornblende facies to one characterized chiefly by large 
orthoclase phenocrysts with poikilitic intergrowths of plagioclase and other 
minerals. Dikes which cut this rock are in general like the mass of Bear Den 

a See Cron, Whitman, The laccolithic mountaiu groups of Colorado, Utah, and Arizona: Fourteenth Ann. Kept. U. S. 
Geol. Surrey, pt. 2, 1898. Also Weed and Pimon, Judith Mountains of MonUna: Eighteenth Ann. Kept. U. S. Geol. 
Sorrey, pt 8, 1896. 
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Mountain, which ii> an outlying subordinate laccolith. They are of trachytic, light- 
colored porphyry, showing pink microcline phenociysts. They may bear some 
relation to the phonolites. A similar rock with amber-colored feldspar phenocrysts 
in a gray matrix cuts tinc-grained white aphanitic rh\'olite in a small dike on 
the Terry l)ninch of the Fremont, Elkhorn and Missouri Valley Railroad, on the 

spur between Fantail and Nevada 
gulches. (Fig. 2.) Near Alkali 
Creek, on the divide from Van- 
ocker Creek, numerous dikes cut 
the line-grained rh3^olite mass. 
These are a purplish trachytic rock, 
with glass}' feldspar phenocrysts, 
showing striation (probably oligo- 
clase) and a decomposed bisilicate. 
Other cases of the rock with pheno- 
crystic pink (microcline) feldspar 
cutting the rocks of the rhyolite- 
andesite series occur on tlie spur south of White Rock, just above Deadwood, 
arid on the ridge west of the head of Spruce Gulch. Near the sawmill north of 
Kirk Hill a gray rock containing nuich mica and yellow feldspar occurs as a dike 
cutting light-gi-ay rhyolito which shows some hornblende. It is probable that these 
are mostl}" phonolitic rocks which cut rocks of the rhyolite-andesite magma. 




FlO. 2.- 



-Green phonollte cutting rhyollte-porphyry, Fremont Rail- 
road, near Nevada (Julch. 




Fio. 3.— Rhyolile cutting green porphjTy near Aztec. 

Irving has dcvscribed four cases of ))honolites cutting quartz-porphyries and 
diorite-porphyries. 

A very unusual case (tig. 3) is shown in a section near Aztec, on the Burlington 
Railroad (8peartisli branch). Here a mass of green phonolitic phorphyry is 
apparently cut by an irregular swelling intrusion of white rhyolite of the fine- 
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grained decomposed type so common in the region. Both occur, as shown, at a 
sloping dike contact with Cambrian shales. All the evidence in this case would 
show the rhyolite to be the younger, or contemporaneous with the phonolite. 
The second alternative is the more probable. The two magmas may grade into 
each other, and in this case perhaps the green aegirine ro^'k was still viscous when 
the stream of white rhyolite was injected through it. It is hoped that more 
extended study of the petrography of the region will throw light on these relations. 

GEOLOGICAL AGE OF PORPHYRIES. 

The geological age of the |)orphyries may be stated in only the most general 
terms. The Bear Butte and Little Missouri Buttes laccoliths were intruded into 
Benton Cretaceous and were unquestionably covered by Niobrara limestones. 
Jenney has found pebbles of Black Hills porphyries in the conglomerate at the 
base of the White River beds to the southeast, and similar fragments occur in the 
Tertiar}^ beds at Lead. The Lead Tertiary clays (Oligocene?) are deposited in an 
old topography 1,800 feet below the present poi'phyry summit of Terry Peak and 
on divides 300 feet above the adjacent gulches. As these clays were flood-plain 
or lake (?) deposits, of a mature stage in the early Tertiary dissection of the region, 
an additional 200 feet may be considered a most conservative estimate of height for 
the original porphyry upper limit of the Terr}^ Peak Mountains. This porphyry 
at the time of its intrusion was covered by a thickness of strata not less than 
that of all the formations below the highest beds invaded; a minimum estimate 
would make this not less than 2,500 feet. This would impl}" a total thickness 
of rock eroded away above the present Tertiary beds at Lead of 4,500 feet (2,000 
erosion + 2,500 thickness); accordingly, the later limital epoch of the intrusion 
period may be expressed as the beginning of a 4,500-foot erosion period prior to 
the Oligocene, while the earlier limital epoch is the Niobrara. Between these 
there is the choice of Pierre, Fox Hills, Laramie, and Eocene times for the 
intrusion. 

By analogy with the Rocky Mountains the greater uplift in the Black Hills 
probably took place after the close of the Laramie. The only evidence in the imme- 
diate vicinity of the Black Hills bearing on the question whether Laramie beds ever 
extended over the present site of the hills is the fact that thej' are tilted up by the 
Black Hills uplift on the west side; if they did so extend they may have attained a 
thi(;kness of several thousand feet. The thickness of the Jura-Cretaceous below the 
Laramie is 4,000 feet." If the tirst uplift of importance was in £k)cene time and 
Laramie beds were present, the erosion depth at Lead may be increased by several 
thousand feet. There are analogous intrusions of Eocene age in the Rocky Moun- 

a The writer is indebted to Mr. N. H. Darton for data and diBCUssion on this question. 



Evidence from geolojfy 
Evidence from analogy 
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tain district in sufficient number to render very probable the occurrence of igneous 
activity, concomitant with uplift, in the Black Hills at that time. That orcgenic 
disturbances took place concomitant with intrusion is proved by the relation of 
the Algonkian-Cambrian contact to the porphyries at many places, the latter filling 
fault fissures. After the energetic erosion that led to deposition of Oligocene beds 
and probably reduced the topography of the Hills to much lower relief than that 
of the present day, "there was a further uplift, which has given a very strong 
tilt to the White River deposits."" No porphyry now revealed can have accom- 
panied this last uplift, which may still be in progress. By this last movement the 
Oligocene beds at Lead have been lifted and the present gulches have since been 
carved below them. The following is a summary of the evidence for the Exxjene 
age of the eruptives: 

Laccoliths in the Benton. 

Deformation concomitant with intrusion. 

Porphyry pebbles in Oligocene sediments. 

fPost-Laramie uplift of Rocky Mountains. 
Fost-Laramie intrusions of Rocky Mountains. 

^ . , , , . , f Probable erosion of 6,000 to 8,000 feet of strata from above level of 

Evidence from physiography.. < 

I present Tertiary clay at Lead. 

DISTRIBUTION OF IGNEOUS BODIES. 

The intrusive rocks occur as stocks and dikes in the Algonkian schist, sills in 
the Cambrian shales where that formation is thick, and laccoliths, which thin out 
into sills in the Cambrian, but rise into thick domes of limited horizontal extension 
where the magma has broken through the massive Carboniferous limestone and 
escaped to higher horizons. These relations will be best understood by reference 
to the map (PI. I), where Custer Peak, the Woodville Hills, Deer Mountain, Dome 
Mountain, and the Iron Creek mass represent laccoliths in the Cambrian associated 
with the broad sill district; this in turn surrounds the schist area of stocks and 
dikes. Outlying masses, of steep domical form, which have broken through the 
limestone are Ragged Top, Citadel Rock, Crow Peak, Whitewood Canyon laccolith, 
Pillar Peak, Bear Den Mountain, Deadman laccolith, Tilford laccolith, and Bear 
Butte. The great mass of the Vanocker laccolith on the east is an exceptionally 
large body which in part has broken across the limestone. To the north Crook 
Mountjiin and Elkhorn Peak are domes of Minnelusa sandstone, where erosion has 
not yet revealed the poiTphyiy. 

In the schist area many hundred dikes occur, trending usually about N. 30** W., 
parallel to the Algonkian lamination, and this trend in a general way corresponds 
with that of some of the larger lacoolithic groups. 

a Quoted fmm Mr. Darton. letti-r to the writer. 
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Thu8 a line of porphyries may be drawn from Custer Peak to 
Crow Peak, from the Tilford laccolith to Elkhorn Peak, and from 
Two Bit to Polo Peak, possibly indicating an alignment of conduits 
beneath. At four points stocks have been indicated on the map, 
namely, at False Bottom Creek, Deadwood Gulch, Pluma, and a 
small mass east of West Strawberry Gulch; there are probably 
others in the hills west of Lead. The mass at Pluma is a great 
dike for a portion of its course, but becomes complicated with 
stock-like bodies, and is of such size as to warrant independent 
mapping. The area of sills in Cambrian shales has its best ex- 
posures on Two Bit Creek, Spruce Gulch, on the ridge southeast of 
Deadwood, on False Bottom Creek at Garden, along Squaw Creek, 
and on Annie Creek. 

HOMBSTAKE DIKES. 

A section from southwest to northeast through the Homestake 
and Caledonia open cuts (fig. 4) serves to illustrate the frequency 
and thickness of dikes in the schist area that were conduits for 
westward-spreading sills and laccoliths. Here the schist dips to 
the east and contains much quartz, which in places is distinctly 
quartzite, elsewhere is massive quartz. The schist is red and 
ferruginous in this region, but talcose, slaty, or graphitic where 
less altered. The dikes average 35 to 40 feet in thickness. Three 
dikes in the Homestake section are associated with breccias: in one 
case on the foot wall; in another the fragments of schist are 
embedded in the igneous rock; and in the third case a breccia 6 
inches thick occurs on the hanging wall of a small 4-foot dike high 
up on the eastern slope of the main cut. These breccias some- 
times contain fragments of both schist and porphyry, and there- 
fore might be the product of faulting subsequent to intrusion. 
In other cases they are unquestionably the product of brecciation 
concomitant with intrusion. 

PSEUDO-CONGLOMERATES. 

Besides the dip away from the core of the Black Hills, which, 
on the rim of the uplift, uniformly indicates deformation of once 
horizontal sediments by forces other than those immediately gener- 
ated by the recent intrusives, there is interesting evidence presented 
by the limestone breccias which are so abundant in the Cam- 
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brian. These occur in lenticular masses, sometimes merging into unbroken lime- 
stone flags interspersed among beds of green shale, the flags carrying trilobite 
fragments. These fragments of trilobites may also be seen in the flat or rounded 
'•pebbles'- of the limestone breccias, and this bars the possibility, suggested by 
Crosby," that these breccias are conglomenites derived from an Algonkian lime- 
stone. The breccias in question were formed by crushing, accompanied in some 
cases by minute foldings of the limestone bands, the brittle laminte breaking on the 
most acute flexures, or else breaking into flat pieces under the influence of pressure 
without any considei-able flexure. 

Infiltration of waters which dissolved off the edges and corners of the^e broken 
fragments later cemented the mass by depositing crystalline dolomite as a matrix 
for the pseudo-conglomerate. Theso '"intniformational breccias" are abundant in 
the Two Bit district, where are also many sills and dikes of porphyry, and the ques- 




Fio. 5.— Upper contact of rfll cutting limestone breccias, Galena. 

tion frequently arises in the field whether the deformation which fractured the 
limestone beds, and the waters which cemented them, were in any way associated 
with the intrusives. A negative answer to this ijuestion was clearly afforded by the 
upper contact of the sill figured (fig. 5). In the lenticular masses of limestone 
breccia here shown there are developed locally distinct folds, which pass by grada- 
tions into a breccia, holding f nigments tilted at all angles, frequently without order 
or arrangement. Careful examination shows that often these may be resolved into 
former folds by joining the adjacent '^pelibles.'' The work of solution and recrys- 
tallization on the fractured beds has nearly obliterated the original crumpling. 

This locality, showing distinct crumpling occasioned by the porphyry in some of 
the beds and the ancient crumpling associated with the development of the pseudo- 
conglomerates, offers an excellent opportunity to test the question whether the 
porphyry was immediately the occasion of the ])recciation. The contact shoVs 

<i Prw. BoMiton .Soc. Nat. Hist., vf»l. '2ii. p. 497. 
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distinctly that it was not. The limestone brec(»ias are irregularly cut across by the 
porphyry both on the old folds and in places where all trace of folding has disap- 
peared. In other cases where fragments of the breccia still remain horizontal the 
porphyry cuts across fragments and matrix alike. The unbrecciated limestone 
bands are occasionally folded and fractured by the ix)rphyr\', and on the fractures 
there is evidence of some recrystjillization, so that it is not impossible that in places 
a newer breccia may owe its origin to defonnation by intrusion; but in most cases 
the limestone ])reccias of the Cambrian were formed before the intrusives. This is 
further evidenced by the fact that these breccias occur in many parts of the Hills 
where the younger eruptives are absent, so that it is fair to conclude that the 
evidence indicates a period of deformation later than the Cambrian and earlier than 
the laccolithic intrusives. Similar limestone breccias occur less abundantly in the 
Carboniferous and Permian limestones. Weed has figured" a Cambrian limestone 
conglomerate from the Judith Mountains that in the photographic illustration is the 
exact counterpart of the Black Hills Cambrian beds. He believes it to have been 
formed on a shingly beach. The writer would suggest that possibly many supposed 
conglomerates may be intraformational })reccias* comix)sed of limestone fragments, 
formed by crushing and recrystallization of matrix, as described, rather than ])y 
uplift above sea level. 

SUMMARY OF DYXAMIC HISTORY. 

The geologic map of the 8turgis-lSpeartish quadrangles (PI. I) snows a region 
of concentrated igneous activity about the city of Lead. This region is also a 
center of ore deposition, the sulphides and their derivatives being closely associated 
with the porphyries. The precious metals are known to occur in Algonkian schists, 
in the pre-Cambrian granitic eruptive rocks associated with those schists, through- 
out the Cambrain, and associated with laccolithic )>odies. There are some pro- 
ductive mines in Siluro-Car)x)niferous limestones, and ores occur in the Tertiaiy 
porphyries themselves. 

Structurally, the Lead eruptive center is an area of laccoliths in and below 
the massive limestones of later Paleozoic age and of dikes and stocks in upturned 
schists forming the conduits of sills in the thin-bedded Cambrian strata. From 
Custer Peak to Richmond Hill, where erosion has gnawed deepest into the eruptive 
region, stocks and dikes in schist are abundant. Surrounding this area the 
Paleozoic section shows sills in Cambrian strata, and laccoliths at the base of the 
great limestones. 

It has ))een shown that the igneous intrusions of rhyolite and phonolite 
porphyries accompanied or immediately followed a great movement of uplift in 

"Weed and Pirsistui, Judith Mountains of Montana: Kighteenth Ann. Kept. U. S. Geol. Snn-ey. pt. 3, 1898, PI. LXX. 
Also, Little Belt Mountains: Twentieth Ann. Kept. l*. S. <Tt^>l. Sun-ey. pt. 3, 1900, PI. XXXIX. 
hWaleott. C. P., Bull. Geol. Soc. Ameriea. vol. 5. pp. 191-19H. 
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the area now occupied by the Black Hills." This uplift arched the horizontal 
strata of the plains into an elongate dome; schists beneath, with nearly vertical 
bedding and lamination, moved up by faulting and slipping, frequently on planes of 
schistosity. Erosion has completely removed a portion of the sedimentary cover, 
exposing two kinds of sections whereby the solid geometry of structures within the 
uplift may be studied. One is a beveling across the top of the dome, exposing a 
ground plan; the other is a deep trenching b}- streams through the flanks, exposing 
vertical cross sections. The igneous matter rose through the' steeply inclined schist 
laminae and spread out among the sediments which lay across them unconformably. 
Erosion beveling has exposed dikes in the schist and flat masses in the later strata. 
The walls of erosion trenches show the thickness of the sills and lenses and 
sometimes their junction with feeding dikes. 

The intrusives are confined to the northern portion of the uplift. The southern 
portion was occupied by massive ancient pegmatite granites, themselves pre-Cambrian 
intrusives in Algonkian strata. Probabl}^ they acted as a rigid cementing and 
hardening agent to prevent fracturing in the southern schists; the northern, less 
indurated phyllites cracked and faulted more readily to permit the younger intrusives 
to rise from the depths. The northern exposed schist areas contain many hundred 
dikes and some stocks; these must have induced movements of horizontal extension 
in the schist, and such movements are attested by bedding plane faults at the base of 
the Cambrian. The dikes have a common trend and dip parallel with schistosity. 
The dip gave them tendenc}^ to spread in the Cambrian in one direction more readily 
than in another. In Cambrian thin-bedded sti'ata with many shale horizons sills 
formed in great number. Above lay the thick limestone; it resisted upward move- 
ment of the porphyries and locally ])ecame domed and arched. Beneath it were 
formed the principal laccoliths of larger size, the largest where the limestone was 
thinnest. KSome of them were unsymmetrical, partly because they Avere injected into 
strata possessing an initial dip, partly because their conduits sloped and the magma 
was forced forward in one direction. On one side the limestone was flexed beyond 
the breaking point; a fracture opened and admitted the igneous fluid to higher 
horizons, forming subordinate laccoliths. The subordinate laccoliths are charac- 
terized by still greater lack of symmetry; their sides are steeper than those of the 
main laccolith; they fault and crumple the beds about them. Associated with dikes, 
sills, and laccoliths are breccias composed of fragments of the rocks through which 
the igneous magma passed. There is no evidence that the intrusives were connected 
with surface volcanics. In general the phonolites are 3'ounger tlian the rhyolites; 
none of the larger main laccoliths are formed wholly of phonolite; the phonolite 
broke through the larger ImxIIcs of rhyolite-porphyrv and solidified in smaller 

'» JjiK^'ar. T. A.. Liirrolitlis of the Black Hill.-: Tvv«-iit\ -first Ann. Kept. ['. S. (iool. Survey, pt. 3, 1901, p. 280. 
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masses at higher horizons. The greater number of subordinate laccoliths, however, 
are of rhyolite-pophyry; these include Bear Butte, Deadman, and Whitewood 
Canyon laccoliths. Crow Peak, Inyankara, and Sundance Mountain. The magmas 
which formed the subordinate laccoliths were beginning to solidify and hence were 
more viscous; this is proved in part by fewer sills, by domes of smaller ground plan 
and greater convexity, and by diminution in total volume of intrusive rocks in the 
higher strata. The characteristic forward and upward movement of intrusive 
through strata is by way of strike fissures. The lower contact of sills and laccoliths 
frequently truncates or bevels strata obliquely across the bedding. The horizons, 
where a single stratum is followed for some distance, are composed of soft shale 
confined between harder beds. 

Erosion has left laccoliths covered, partially uncovered, and deeply dissected, 
and in places has removed them entirely or left only scattered remnants. Conduit, 
basement contact, wedge, flank, crest — all parts of the laccolith are exposed, in plan 
and section, in different places in the Black Hills. The evidence quoted points to 
Eocene tune as the age of intrusion. There were several thousand feet of strata 
above the laccoliths, and the soft Cretaceous shales absorbed laterally the doming 
produced by individual intrusive masses. Trunk drainage consequent on the Black 
Ilills uplift was deflected by adjustment to the domed hard strata that were gradu- 
ally uncovered; branch drainage, dependent on the relation of rainfall to form and 
texture of surface, continually changed with the discovery of hard and soft strata, 
producing hills in hard domed beds and annular valleys in soft ones. Such annular 
valleys were eventually supei*posed on porphyry, and persist in several deeply dis- 
sected laccoliths, such as Custer Peak and the Woodville Hills. Where an annular 
valley on the contact of porphyry and flanking sediments became superposed on the 
basement stratum, its course preserved approximately the outline of the laccolith 
after the same was in great part eroded away. 

HISTORY OF INTRUSION. 

The history of intrusion in the northern Black Hills is believed to be intimately 
associated with the history of the larger deformation. Intrusion is not conceived 
to have been in any sense a cause of the grejiter uplift, but an effect. The intru- 
sions were a small incident in a great movement of elevation. The greater uplift 
proba])ly took place aftor the close of the Laramie, along with similar movements 
in the Bighorn Range and the Rocky Mountains. Whatever their caase, these 
mov^ements were colossal and involved a considerable section of the earth's crust; 
doubtless there had been similar movements about the hard granite core of the 
Black Hills from the earliest Paleozoic times. There was unquestionably some 
deformation prior to the laccolithic intrusions, for these broke across previously 
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breeciated Cambrian flag.s and encountered dips already initiated. The post- 
Laramie uplift was accompanied bv profound fracturing. The fractures reached 
downward to a zone where molten rock was under pressure. The liquid shot 
upward into every ramification of the fracture system; Algonkian, Paleozoic, and 
Mesozoic beds were in some sense under compi-essive stress, rising slowly, the hard, 
competent members supporting the arch, the soft Ijeds following the lead of their 
more resistant neighbors. Diversity of structure and consistency produced minor 
differential movements of faulting and folding. The upturned schist beds slipf)ed 
like cards on edge to make undulations in the basal Cambrian quartzite, which was 
also faulted in places. Springing into every weak place, spreading the beds and 
cinimpling the soft ones wherever there was tendency to gaping by reason of the 
greater burden assumed by the more rigid strata, the igneous magmas reached the 
Cambrian through countless fissures in the schist )>eneath. The change in structure 
at the Algonkian-Cam})rian unconformity was especially favorable to the develop- 
ment of local weakness that would give advantage to an igneous wedge. The Pale- 
ozoic horizon least compressed lay under the Carboniferous limestone. The thick 
limestone member, most ''competent'' to support load under lateral pressure, 
relieved the soft shales beneath in many places. The porphyry magma was itself 
probably under pressure and capable of independent dynamic action relative to indi- 
vidual beds invaded: whether that pressure was in any way limited by the actual 
volume of magma available, or what hydrostatic or thermal law governed it, we 
have no means of knowing, })ut it is quite certain that the pressure of igneous fluid 
relative to the condition of the limestone was sufficient locally to arch up and break 
through that stratum and some of the superjacent beds. That it did not do this 
until it was beginning to solidify is in part suggested by the fact that only a rela- 
tively small volume of tx)rphyrv broke through tlie limestone to higher horizons. 
The fact of local doming and fracturing of the limestone by the porphyry does not 
of necessity imply that the lava in each of those domes lifted the load; it )>ent and 
pimpled the limestone within an arch of enormously greater magnitude, composed 
of several competent meml^i's that were collectively supporting the total weight of 
sediment*^. The fact that the greatest doming of limestone over porphyry at the 
Terry-Polo complex took place where the limestone was thinnest shows that it was 
not the weight of superincumbent beds, but the inflexible quality of the thicker 
limestone which resisted doming. It is ecjually clear that the size of the laccolith 
is entirely independent of load; the smaller Ragged Top and the greater Deer 
Mountain laccoliths are ])oth intruded at the same horizon; the Vanocker porphyry 
mass, probably the largest single laccolith exposed, reaches the Upper Carbonif- 
erous, while comparatively small subordinate laccoliths, like Crow Peak and the 
one in Whitewood Canyon, are intruded under Obolus beds at the base of the 
Cambrian. 
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DESCRiprm: geoi^ogy of mixing districts. 

A few typical sections, made from surface measurements of beds in strati- 
graphic succession among the ore-bearing horizons, will suflice to indicate the 
nature of the Algonkian and lower Paleozoic strata. 

ALGONKIAN. 

The two most striking Algonkian sections are those adjacent to the two largest 
ore bodies, namely, the Homestake and the Clover Leaf. 

SCHISTS SHOWING SYNCLINAL STRUCTURE NORTH OF HOMESTAKE MINE. 

A section from west to east on Deadwood Creek near Central shows the 
following Algonkian rocks: 

Just weM of Central there is a contact of graphitic* schist on the west with spotted 
mica-schist on the east, trending N. 30^ W. Opposite Blackstone's house occurs 
a heavy ferruginous black schist with quartzite bands 1 to 2 inches wide vwt by 
irregular white quartz bodies which form a distinct zone. The sandstone bands 
clearly increase in size on approaching the De Smet open cut from the west. 
Farther down the gulch, opposite the De Smet cut, ferruginous schist on the west 
is found in contact with gray mica-schist on the east, accompanied by a sudden 
change in dip. The dip hitherto has been toward the east at high angles, but 
around the point in Sawpit Gulch the outcrops are all gray mica-schist, with a 
few very thin sandstone stringers, and have a uniformly westerly dip. This 
sudden change of dip just opposite the De Smet and Homestake ore bodies is 
significant, and suggests that perhaps the great ore body may fill a synclinal saddle 
pitching to the southeast. A short distance up Sawpit Gulch from Central, on 
the Columbus ground, a trench has been opened along a pyritiferous streak trend- 
ing N. 34^ W. This trench is directly in the line of the De Smet and Homestake 
workings. 

SCHISTS SHOWING SUDDEN CHANCRE OF STRIKE NEAR CLOVER LEAF ORE BODY. 

East from Perry the Algonkian garnet schist strikes S. 85^ W., with marked 
lamination. This trend is transverse to that of the Clover Leaf open cut southwest 
of liere. Eastward along the ridge on the north side of Elk Creek there is exposed 
garuetiferous mica-schist with numerous quartz lenses, some of them folded, 1 to 6 
inches thick. The quartz shows rounded granules; it is diflScult to determine 
whether they are cataclastic or sedimentary. The lamination is wavy, trending 
S. 50^ W., but varying greatly in a single outcrop, even to north-south strikes. 
Just south of this outcrop are crossed graphitic schists, ferruginous quaitzite, and 
amphibolite with a trend of S. 62^ W. 
4987— No. 26—04 3 
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The next spur to the east shows to the north 80 to 100 feet of white quartz 
above with araphibolite trending west-southwest on the point of the spur. Farther 
east is found a ledge of mica-schist with lamination N. 52' W., and a white 
banding distinct from schistosity trending X. 75" E. The structure approaches a 
drawn-out linear parallel schistosity. The white quartz zone is on the south, both 
on this spur and the next spur to the east; the southern extremity of the spur is 
occupied by a well-marked fold of mica-schist showing light and dark bands and 
pitching to the south. Following out the ridge we come to an 80-foot ledge 
of ferruginous quartzite showing contortions and jasj^ry texture. On both 
sides of this salient reef occur great masses of amphil)olite trending northeast- 
southwest, with southerly dip. This dip is characteristic of the whole section. 
There is here again a northwest-trending lamination distinct from the banding. On 
the east of the little gulch to the north of this ridge occurs mica-schist with layers 
of micaceous sandstone. Both lamination and bedding here trend N. 10*^ W. This 
northerly strike is repeated in the schists of Elk Creek Canyon, a short distance 
farther east. 

Summing up the Algonkian section along the ridge northeast of the Clover 
Leaf mine, we see that the west-southwest strike is unusual, suggesting that there is 
some sudden change in the structure east and west of the ridge in question. This 
change, on the west, takes place in the immediate vicinity of the Clover Leaf ore 
body. The section across the strike, from north-northwest to south-southeast, is as 
follows: 

Gametiferoua mica-schist. 

(xraphitic schist. 

Ferruginoua quartzitt*. 

Amphil)oHte. 

Mic^a-schiat. 

White quartz. 

Mica-schist. ' 

A!nphiV)olite. 

Quartzite. 

AiiiphiboHte. 

CAMBRIAN, ORDOVICIAN, AND CARBONIFEROUS. 

The following tabulated sections show the characteristic details of the lower 
Paleozoic rocks, which are referred to on the foregoing pages, in the diagram 
(tig. 1) and in the ta})le of formations (p. 20). The tirst of these sections is in the 
milling distri(*t near Terry Peak; the second is farther south near Englewood (the 
type locality for the P^ocarboniferous limestone), and the third is on Bear Butte 
Creek, near the town of (lalena, where the Dejidwood and Englewood formations 
are well exposed in association with sills and dikes. 
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TERRY PEAK SECTION. 

S<'rtio7i in lower part of Cambrian terraiie, Spearfinh branch of the Burlington and Missouri Railroad, 

from iu)rt?iewit slope of Terry Peak to near Englcivood, 

Ft. In. 

Ferruginous sandstone in 2-inch layers with greon shale partings 5 

Coarse, massive, ferruginous sandstone with olive-gn*en shaly surfaces : 4 

(iray, fine sandstone, in places greenish, irregularly blotched with j>urple, and containing 

liinonite. Contains a few scattered worm lx)rings 10 

Linionitic earth 10 

Very glauconitic, loose, ferruginous sandstont* 5 

Much decompose<l siliceous sandstcme, weathert^l locally to shales and hematitic earth ... 5 

(iray, siliceous, chert-like, fine-graineH, compact sandstone in beds of 2 to 4 inches 1 6 

Single l)e<.l, gray, exceptionally siliceous sandstone, very little cement, some seams of limo- 

nitic earth 8 

Fino-graine<l, dusty, glauc<miti(! sandstone 8 

Linioniti(^ glauconite sandstone, less rusted than l>elow, mon* siliceous towartl the top. 

Massive 3 to 4 inch beiis 11 

Massive glauconitic rusted sandstone 2 

Massive rusted glauconitic sandstone in benches with a few interlx^dded shales 30 

Altereil flags and brown sandstone. Dip, 12° NW 15 

Coarse, brown, massively l)e<lde<l ferruginous sandstone 2 

Thin-l>edded glauconitic brown sandstone 3 

Cross-bedded bn)wn ferruginous sandstone with fucoi<ls 6 3 

Thin-l>e<l<le<l, shaly, glauconitic sandstone with two or three 2-inch layers of brown sand- 
stone 6 

Very rusty glauconitic l>rown sandstone 1 

Thinly laminated femiginous sandstone with glauconitic layers : 5 

Same as above, in 3 to 5 inch beds 8 

Same as above, very rusty, and in some i>lm!es lHHlde<l in massive bhwks 8 

Brown sandstone with irregular 2 to 3 inch bt»<ls 20 

^lassive reddish and glauconitic sandstone 4 

TlUn, gray, shaly sandstone, highly glauconitic in plat^es, weathering pink, purple, and blue. 9 

Talus slope, show^ing three massive limestone bre<!cia members, averaging 1 foot each 6 

Thin-beddeil limestone breccias 5 

(Tray, friable, sandy flagstones in thin J-in^'h l)eds 5 

Paper shales and limest<me breccias ( intnidwl by i>on)hyries ) 40 

Thinly laminated, fine, green-gray, shaly sandstone, more shalv l>elow, sandy above 8 

Shakes with interl)edded flagstone brei'cia; fine, gray-green, sandy parting be^ls among the 

shales decrease from here eastwanl 16 

Paper shales with a few 2 to 4 inch be<ls of limestone bre<rcia w^ith trilobite fragments .. 5 
Semicrystiilline impure Hmestone slightly brecciated; divide<i into 4-inch bands of dark 

brown, red, and green 2 

Paper shales with 1-inch limestone beds 3 

Thin-bande<l semicrystalline limestone flags in \ to 3 inch be<ls 3 

Calcareous dark-brown semicrystalline sandstone containing oboliis and trilobites (Dicello- 

mus nana .) 2 
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Ft. In. 
Brown glauconitic and calcareouH sandRtone, parted by fine black slaty shales into layers 

one-half inch to 4 inchew thick 1 6 

Fine, gray-black, well-jointed paper shales, crumpled 5 

Limestone flags containing limestone breccia, with two 2-inch beds of black slaty shales 
above and below 2 

Rusty calcareous sandstone in 1 to 8 inch bands seiiarated by layers of light-green shale, some- 
times glauconitic, 1 to 3 inches thick. Both members are glauconitic, the sandstone more 
so than the shaly meml)erH 7 

Rusty calcareous sandstone in beds 3 to 15 inches thick. Highly ferruginous, lemon-yellow 
to oc'her colors and dark red brown. As a whole this coarse member weathers dark red . . 6 

Much disinte^rrated red, brown, and yellow ferruginous sandstone. Small crystals of hematite, 
much limonite, veins of a carbonate and a manganese (?) mineral 10 

Fine-grained linumitic (juartzite, open structure, whitish, in l)eds 4 to 6 inches thick. Miner- 
alized upper surface of basal quartzite 4 2 

Eight to 10 IxmIs, gray-green paper shales above, 4 layers of limestone flags below 6 

Quartzite carrying trilobite shields and quartz in druses; upper surface red with scolithus 
borings 1 

Pure siliceous sandstone, showing round grains and practically no cement; nearly a quartzite. 
Weathers rusty into massive beds and is slickensided; the slickensides show horizontal 
movement along a vertical plane 10 2 

(.Quartzite blocks in talus l)elow, carrying trilobite shields. This near base of basal quartzite 
of the Cambrian. The fauna is middle Cambrian. Talus of Algonkian schist 30 

ENGLEWOOD SECmOX. 

In lower Paleozoic rockSy on Burlington and Mutsouri River Railroad y '2 miles south wes of Englewood. 

PA 1 1 ASA PA LIMESTONE. 

Ft. In. 
Gray limestone shows a dip discordant with the Englewood limestone l>elow and an uncon- 
formity on it along an almost horizontal line. Dip, W. 28°. The Pahasapa beds at the 
contact are progressively truncated toward the north. The discordan<*e is not wholly one 
of unconfoniiability, l)ecause deformation at the south end of the cut affects both form- 
ations alike and there is probably some thrusting 250 

ENGLEWOOD LIMESTONE. 

Purplish limestones. At north end of cut dip is 35° to 50° easterly; at south end 27° 
S . 80° E 50 

Greenish-gniy shaleiJ in railroad cut underlying the Englewoo<l Uniestone. The shale is 
lumpy, light green on fresh surfaot^s, with dark-purple markings that show circular 
section across the bedding and linear, fucoid-like, cylindrical bodies on the bedding planes. 
As this almost certainly overlies the orange-colored Zaphrentis-be&ring rock, it is probably 
Lower Carboniferous 14 

ORDOVICIAN (?) OR ENGLEWOOD. 

[The following Ixids are from al)out the Ordovian limestone horizon downward, going north 
across strata dipping about 4° SSW., immediately under the great limestone quarrj*.] 

Ordiige-colored arenaceous limestone l)earing /aphretitisy crinoid stems, and braehiopods, 
apparently in place. 
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CAMBRIAN*. 

Ft. In. 
Talus 40 

Grt^en i)api'r shales 10 

Talus 80 

Massive pink fucoidal limestone 40 

Paper shales and caleareous flags 12 

Oiher-yellow calcareous sandstone 26 

CJreen paper shales 6 

Arenaceous limestone with green shale surface, showing mud cracks with tilling colored red. . 1 

Massive hard arenaceous limestone 6J 

Light-green paper shales and thin limestone flags, with irregular fucoidal surfaces and nmd- 

cracks 17 

Massive calcareous quartzite coateil with calcite on joint surfa<*eH. Red on fresh surface, show- 
ing much crystalline carbonate 24 

Glauconitic sandstone, laminated on cross- Ixjdding j)lanes, with fucoids, in jmrt <leep green 
and full of glauconite. In other pla(x»s dark red or limonitic yellow. Some of the higher 

])eds show ScoUthus (?) lK>rings. Dip, 3° to 4° southerly 16 6 

Very coarse, loose, and friable sandstone, with limonitic cement and some glauconite 3 

Ripple-marked glauconitic and ferniginous sandstone; massive as a whole, but separated into 
ripple-niarke<i slal)S. The slabs are coated with hematite. Evidences of disturbances, 
such as cross l>edding and ripple marking, increase in the upper members of this section as 

a whole 20 

Dark-green, glauconitic, arenatvous shale, very full of glauconite 3 

Ferruginous sandstf>ne in two massive IxmIs, st»parated by a thin l)and of shale 33 

Bright-red sandstone, proliably the *'Red Band." Carbonate* occurs in veins and druses. 
Limonite occurs in irregular spots, as well as, throughout the mass of the rock, a little 
glauconite. Rock is massive, showing some lx^dding lines and slightly wavy upiK'r surface. 3 
Glauconite shale. The l>edding is here irregular and variable within short distances; cross 

1 Kidding is common; this shale band thins out and is n»placed by the red band above 10 

^lassive glauconitic sandstone. Variation in thickness is due to ridges resembling wave marks 

of 2 to 3 feet wave length and 2 to 3 inches height. Rock shows cross bedding 9 to 14 inches 

( Jlauconiti<' shale 7 

Massive glauconitic sandstone 11 

Arenaceous glauconitic shale 6J 

Massive ferruginous sandstone, showing limonite, quartz, and red matrix. Very little glau- 
conite. Coarse cross l)edding dipping SW., cut off N 21 

Highly glauconitic and massive sandstone 10 

Massive ferruginous san<istone, with a 12-inch quartzite bed below, showing (|uartz grains 
in a hematitic matrix and some glauconite. The quartzite is massive while the upper 

members weather in 2-inch lamime 3 

Glauconitic sandstone in irregular laminte, cappe<l by a series of red ferruginous sandstones, 

showing no glauconite and much iron 4 2 

Gray arenaceous shales and irregularly bedde<l glauconitic shaly sandstones 20 

Glauconitic sandstone with very abundant glauconite, in two massive bands, with tendency 
to part on the bedding 14 



38 ECONOMIC BES0UBCE8 OF NORTHERN BLACK HILLS. 

Ft. In. 

MasHive ferruginous sandfltone, showing less glauconite than in Ikh! below 23 

Massive glauconitic sandstone, showing cross be<lding in placets, where the cross l)edding 

lamina> dip to the southward 13 

Fucoidal, pink and green, loose, soft, shaly, glauconititr sandstone. In a distance of 6 feet this 

be<l thins out completely and merges into the massive sandstone above 8 

Glauconitic sandstone with pink an<l gray seams. Weathers in massive brown blocks, 4 to 

10 inches in thickness. Dip, 6° SSW 3 

Pink and green, fucoidal, loose, soft, shaly, glauconitic saixlstone, with peculiar property of 

breaking up into many lentils on weathered surface, but showing a massive face 3 2 

Massive glauconitic sandstone, showing many small wormy fucoid marks in cross section. 
I'pper surface coate<l with green shale which shows concave impressions of coarse ropy 
fucoids one-half to three-fourths inch in diameter, mixed with irregular lumpy masses. . 5 

Thinly laminated green shale containing one band which is pinkish and sandy 1 

Massive glauconitic san<lstone; joint surface covered with globular and botryoidal coating of 
what api)ears to Ix* a crystalline carbonate in white masses. Cross section of lower 
part of this IkhI shows pink fucoidal markings. Thins south and shows curve<i upper 

surface 4 feet long 3 5 

Shaly glauconitic sandstone with abundant gray clay, lentiform fracture; fresh surface is 

greenish gray speckled with glauconite 19 

Alternate massive bands of glauconite sandstone and gray shale. The massive bands average 

3 inches in thickness. Seen on a fresh cut these beds appear as a single massive band. . . 6 8 
Fine-grained calcareous glauconitic sandstone irregularly banded pink and greenish gray. 

The pink layers represent the fine-grained material of the ropy fucoid stems 4 

Evenly laminated alternate layers of glauconitic sandstone, thin gray paper shales and pinkish 
sandy limestone flags varying in thickness from one-half inch to 3 inches. The surfaces 

of these flagstones are covered with small ropy fucoids 15 

Massive ferruginous glauconitic sandstone with small veinlets of carbonate; 2 conspicuous 

IxmIs / 2 

Thinly laminated, very argillaceous, glauconite shale, green gray in color, with small wormy 

fucoids 5 

Glauconitic sandstone with limonite occur? ing in streaks in crot^s section shaped like blades 
of grass. Surface of a slab shows fucoids in depressions, and ridges like the mud-trails of 

a gasteropod 8} 

Glauconitic shale with clay seams and grass-like fucoids in (toss section 10 

Coarse limonitic glauconite sandstone. Massive, with some breceiation like the usual lime- 

stcjne breccias of the Cambrian 14 

Speckled gray-green glaut'onitic sandstone 15} 

Hard glauconitic sandstone, with pre^lominant quartz sand. All of this series of sandstones 

weather reddish brown with the gray-green colors in the shales 4 

Irregular lentils ai shaly glauconitic sandstone with much gray clay. Fresh surface greenish 

gray s|HM'kle<l with glauconite 7 

Very calcareous glauconitic san<lstone with more carl>)nate visible under the hand lens than 
quartz. Yellow clay on interlaminar seams. Surface gmy and red sjieckhKi, with s<^)me 

appearance of fuc(»ids. Evenly laminated in one-half to 1-inch bands 3J 

Massive limonitic glauconiU^ sandstone, highly calc4ireous, surface stained with iron streaks. 

Fucoid impr(*ssions not pronounced 1 



LOWER PALEOZOIC SECTION. 89 

Ft. In. 
Similar to next below, but more massive, with hematitic bands and fiicoid cun'es shown in 

(TOSS section 2 

Ix>ose shaly jjlauconitic sandstxme, gray »i)ei'kle<l with <lark green. Breaks into irn^gular 

lentifonn pieces with one 2-inch massive band. Much gray clay 6 

Talus 6 

Imj)ure glauconitic sandstone, calcareous and argillaceous. Fuiroidal surfaces. A massive 

l)e<l, with a minute clay -seamed lenticular structure 10 

Talus 1 

Coarst* glauconitic sandstone, showing under the lens abundant transj)arent rounde<l quartz 
grains, with interstitial smaller grains of limonite and glauconiti\ Parallel to the 
stratification there are bands of more abundant glauconite and some crystalline carl>onate. 
The whole l)e<l is massive with some interlaminar slickensides 16 

Similar to the l^eil l)elow, with greenish -white irlay on fracture surfaces. There are small 
fucoids and some apj>earance of fiat '* pebbles," or breccia fragmenti?, indicating proximity 
to the horizcm of limestone breccias. Laminie one-half to 1 inch thick 7 

Massive sjwckled glauconitic sandstone, purplish on weathered surface, with pinkish spots. 

Variegate<l color on fresh surfac^e. Whole series here is more or less f ucoidal 6 

Kailroad cuts north of this point show fragments of the glauconitic series. I-iOW^est bed 
exposed glauconitic shale. Apparent dip, 9°, S. 27° W. 

GALENA SECmOX. 

Section in lover Pnkozoic rocksy up Bear Butte Creek from r(Hid junction eoM of Galena. 

KNOLEWOOD LIMESTONE. 

Ft In. 
Massive limestone of grayish-yellow color with blotches of purple hematite that frequently 

form a coating on the fossils found in this bed; some calcite druses. Dip, 8®, N. 70° E.. 8 9 
Alternating speckled yellow and pink bands of friable thinly laminated limestone, with much 

cr>'stalline calcite 3 6 

More massive purple limestone; 40 feet above is the base of the cliff of Pahasapa limestone . . 1 6 

Massive purplish and yellow beds, above a cliff of Whitewood limestone 4 4 

WIflTEWOOn LIMESTONE (oRDOVICIAN). 

Massive gray limestone, 8potte<l yellow; irregular, with lenticular lamina; produced by 

weathering 15 

Buff -colored san<ly limestone becoming increasingly siliceous downward; massive, weathering 

to thin lamime 6 

CAMBRIAN (dEADWOOD FORMATION). 

Yellow and gray limonitic calcareous sandstone 2 

Massive brownish sandstone, with traces of scolithus l)orings 10 

Hani, white, Scolithus quartzite, with well-marked gasteropod borings thinning to the west ..0 1 

Brown sandstone 4 

Hani white (juartzite, Scoutiiu/t iM^rings in upper surface, thinning toward the west 4J 

Pink and orange-colored quartzite 2 

Shale } 

Pink quartzite varying to white, without borings 1 

Pink sandstone 4 
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Ft. In. 

White quartzite 1 

Pink and yellow fine-grained sandstone. All of these beds show a tendency to converge 

w^estward 9 

White quartzite J 

Pink sandstone 2 

White quartzite 2i 

White quartzite, weathering reddish on its upjHjr surface 1 2 

Yellow quartzite, weathering pink 1 4 

Pink, yellow, and white sandstone, becoming more calcareous downwanl 6 

Gray calcareous shakes, becoming thinner bedde<l and more shaly downward, with fine gray 

slaty shales at the base; scolithus lx)ring8 occur throughout this series 6 

Persistent white sandstone l>eds showing ripple marks in cross section, and veneered on 

its upj)er surface with gray shale carrying fucoids 6 

Brown shales with light-green surfaces and interbedded gray shales, showing ropy fucoids.. 2 
Cliff of massive brown sandstone, with glauconite hedti on the south side of the creek. 

Dip due P:., 8° on the E., 20° on the W 25 

Brown ferruginous sandstone, very glauconitic alxjve and massive; below the rock becomes 

more laminate<l and contains less glauconite. Dip, 8° due K 8 11 

Massive dark-brown sandstone forming a single l)ed, with siliceous infiltrations 4 3 

Glauconitic sandstone, with a more thinly laminated middle band 3 10 

Pale rose-colored sandstone, an below 8 

Massive brown sandstone 1 1 

Pale rose-colored, thinly laminateil, shaly sandstone, with gray fucoids. This series seems 

to be thinning towanl the west, and shows in that direction increasing shaly lamination. 11 

Brown sandstone 1 1 

Brown sandstone fille<l with yellowish fucoids 1 9 

Strongly glauconitic hard sandstone 8 

Yellow and green shales, with fucoids an<l glauconite 4 

Soft rotten glauconitic shale 1 

Hard glauconitic <|uartzit(» 9J 

Soft shales 6 

vSpeckltHl l)rown and green sandstone, with glauconite 1 

Thinly laminated glauconitic shale, with fucoid markings of yellow limonite. The whole 

series of rocks here is calcareous 10 

Massive red-brown sandstone, ver>' ferniginous, with some glauconite 5 

Ocher-colort»d fucoid shale, with black blot^'hes an<l thin films of green shale 8 

(ilauconite shales, thin bedded, showing coarse ripple-marked surfaces covere<l with limonitic 

fucoids of ocher color 4 7 

Bright-green massive glauconitic sandstone 10 

Ocher shales 5 

Hard glauconitic sandstone, apparently thinning westwanl, with small yellow fucoid 

markings 4i 

Glauconitic fucoid shale, thinly laminated 3 10 

Yellow and green shale with large grains of glauconite 3 

Thin-l)e<lded glauconite shales 60 
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Ft. In. 
Light-gray quartzite, with ochor-i'olored cement and fucoids and entirely without glauconite. 

This al)fieuce of glauconite very conspicuous in contrast with adjacent beds 8 

Red, ferruginous, shaly limestone, carrying crystalline calcite, hematite, yellow fucf)id traces, 

and near the l)ase thin green lenses, slightly glauconitic, covered with fucoids 2 10 

Similar to above, but more massive 3 

Thinly laminated, light-brown, dolomitic shale, with some glauconite; weathers rtnl on 

M^^s 3 

Al)out 40 feet l)elow this the gray shaly dolomitic limestont»s outcn>]) in thin continuous 

laminated flagstones. The surfaces show fucoids, nmd cracks, and glauconite, and there 

are interlaminated limestone bnK'ciiis or "intraformational conglomerates." 

TERTIARY AND QUATERNARY. 

The Tertiary and Quaternary formations have an indefinite thickness, occur- 
ring, as they do, only in the form of eroded remnants. Tertiary occurs as white 
day in the basin where Lead has been built and in the saddles between neighbor- 
ing hills. This clay contains fossil vertebrates, and also fragments of porphyry, 
hence is the product of erosion after the porphyries were intruded. This is further 
proved by the fact that the clays are deposited in a topography eroded far below 
the present porphj-ry summits. The material here called Quaternary consists of 
rounded stream ])owlders and gravel, occurring in masses sometimes 50 to 1(.K) feet 
thi(*k, usually filling divides between the present streams. These renmants show 
the location of more considerable deposits of the same sort along ancient stream 
channels. The courses of these ancient streams in several cases show a significant 
relation to elbows of capture and valley trends which mark the changes the drainage 
has undergone. 

The thickest masses of Quaternary gravel lie at the head of Boulder Creek, east 
of Dead wood, on the divide southeast of Crook Mountain, at the head of Park 
Creek, on the divides west and southwest of Sheep Mountain, and at the head of 
Whitewood Creek, along the Burlington and Missouri River Railroad. There is 
reason to suppose that these ancient stream gravels may contain placer gold, but 
they have not l)een worked to any extent, as compared with the gravels of the 
present gulches. 
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Carpenter. It is impossible to make special acknowledgments to all from whom 
courte^ieH and assistance were received, but of such as have not been separately 
mentioned too much can not be said in return for the aid which has been 80 willingly 
rendered. 

Ijtcdtum of th' tiihifm/ region, — The main productive mining region of the 
northern Black Hills is included within an area of alK)ut 100 square miles. It 
extends from the town of Perry, on Elk Creek, northwestward to the town of 
Cartonate, on the cast bank of Speartish Canyon, while its widest as well as its 
most productive portion lies between Terry Peak on the southwest and Grarden on 
the northeast. Outside of this area is a small and comparatively undeveloped 
district to the west in the vicinity of Nigger Hill. 

Within the main mining region occur many and very diverse types of ore 
deposits, some of which t>ceur mainly in the rocks of the older geological formations. 
These deposits in each case have features characteristic of the geological formation 
in which they, occur, so that for puq)oses of description they may be most logically 
classified under the head of these geological formations. In this way the following 
five main divisions may be distinguished: (a) Ore deposits in Algonkian rocks, (b) 
ore deposits in Cambrian rocks, (c) ore deposits in Carl)oniferou8 rocks, (d) ore 
deposits in eruptive rocks, (e) ore deposits in rocks of recent formation. 

The relations of these different groups of ore deposits to the rocks of the several 
formations of the Black Hills are shown in PI. V (p. 214) and fig. 1 (p. 18). 



CHAPTER I. 
ORE DEPOSITS IN ALGONKIAN ROCKS. 

The ore deposits occurring in the raetanioq^hic schists and other rocks of 
Algonkian age constitute the most important as well as most permanent factor 
in the mineml production of the northern Black Hills.'' They may be subdivided 
into gold ores, copper ores, and tin ores. 

GOLD ORES. 

Of these three divisions the first, or that of the gold ores, has thus far been 
the only one of importance. There are three mines that have yielded ores — the 
Homestake mine, the Clover Ijcaf mine, and the Columbus mine. PI. VI shows 
the location of the Algonkian lodes and their relation to the stratigraphy. 

HOMESTAKE MINES. 
By S. F. Emmons. 

The Homestake belt of mines extends from the town of Lead and Gold Run 
Gulch northwestward across Bobtail Gulch to Deadwood and Sawpit gulches, 
covering thus an area over a mile in length and about 2,000 feet in width. 

The gold product of this group of mines has always overshadowed that of 
all the other mines of the Black Hills together. For a long time it constituted 
about 90 per cent of the total product of the hills, although it was somewhat 
less in the early days, when placer mines were more productive. Sinc^ 1890, 
however, with the increasing development of the siliceous ores of the Cambrian, 
this proportion has gmdually decreased to 60 per cent, in spite of the fact that 
the actual product of the belt has steadily increased. 

DISCOVERY AND DEVELOPMENT, 
DI8CX)VERY. 

For many years reports had been current among Western pioneers and pros- 
pectors of the occurrence of gold in the Black Hills, reports that became undulj' 

a None of the (»re depotdu of what Ik known an the southern hills are included in this treatment, as they are entirely 
without the area map|H.>d. ThiH will account for the omisdon of many of the now quite important gold-producing 
properties that occur uouth of the town of Perry. 
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magnified for the very reason that they could not be verified because of the 
jealous care exercised by the Sioux Indians in keeping miners and prospectors 
from this the most valued portion of their great reservation, which, by the treaty " 
of 1858, comprised all of South Dakota lying west of the Missouri River. These 
reports were, doubtless, mainly founded on the story of Father de Smet, a Jesuit 
missionary of Belgian birth, residing among the Sioux in the first half of the 
nineteenth century. He stated that nuggets of gold that came from the Black 
Hills were shown him, and that he was assured that there was a mountain of 
gold where the nuggets came from. Subsequent investigation proved that the 
Indian mountain of gold was nothing more than a formation of yellow mica; but 
this probably found fewer reporters and believers-. 

The militar}^ reconnaissance by General Custer in the summer of 1874, which 
actually penetrated the hills, was accompanied by a geologist (Prof. N. H. Winchell) 
and several miners and prospectors, and actually did discover gold in the stream 
beds of the Harney Peak region. After the return of the expedition the miners 
who had accompanied it organized a party supposed to be strong enough to protect 
itself against the Indians and established themselves in a stockade on French Creek. 
Under the treaty of 1858 the Government had bound itself to protect the reserva- 
tion against the encroachment of white men, so this party was brought back to 
Fort Lai*amie by a company of United States cavalry in March, 1876. Steps were 
taken to prevent the inrush of miners which seemed likely to follow, it being gen- 
erally understood, however, that the Government would take the necessary steps to 
secure a recession of the hills by the Indians so that they might be thrown open 
to peaceful and legal occupation. 

As some doubt was felt by persons of high authoritj^ whether gold did exist 
there in remunerative quantities, the Secretary of the Interior authorized a geolog- 
ical examination of the hills to determine the true facts regarding the nature and 
value of the mineral deposits. Accordingly, the geologists, W. P. Jenney and Henry 
Newton, with a strong military escort, were sent there in May, 1875. This expedi- 
tion, whose final report for various reasons was not published until 1880, made a 
less thorough examination of the northern part of the hills than of the region farther 
south, where gold was first discovered, because the northern portion was so thickly 
covered with forest growth as to render it almost inaccessible. 

The region of the Homestake mines was not even reached by the party of 
Newton and Jenney in 1875, but some of the men attached to this party remained 
behind to prospect after it was broken up for the winter. The first mention of the 
region in print is found in a letter from T. H. Mallory to W. P. Jenney, dated 
January 31, 1876.^^ Mallory stated that he had found abundant gold in the gravels 

" Newton, Henry, and Jenney, W. P., Report on geology and res<jurces of the Black Hills: U. 8. Geog. and Oeol. Surv. 
Terr.. 1880, p. 2m2. 
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of the various streams around Whitewood and Deadwood gulches, and characterizes 
the region as the best place in the hills for a poor miner. 

The Homestake and Old Abe deposits are said to have been discovered in 
April, 1876, by two French boys, Moses and Frederick Manuel. The Highland, 
Golden Star, and other claims now included in what is known as the Homestake 
belt were located later in the same year. During that summer the work was 
mainly that of the prospector. At the surface was found a great extent of iron- 
stained rock (chloritic slates, quartz, and porphyry) which carried gold, sometimes 
as much as $16 per ton, but in general of much lower grade. Although it was 
diflScult to make such determination of the form or boundaries of the ore bodies as 
would give an idea of their probable value or permanence, yet public expectation 
had been so excited with regard to the assumed mineral worth of the hills that four 
of these claims found purchasers within the year at prices varying from $30,000 
to $165,000. In 1877 they were examined and reported upon by such well-known 
and experienced mining engineers as William B. Farish, Louis and Henry Janin, 
and Augustus J. Bowie, jr., in the interests of prominent mining operators and 
capitalists, among whom were J.' W. Gashwiler, George Hearst, J. B. Haggin, and 
Lloyd Tevis. 

At the time these examinations were made the developments consisted only 
of open cuts, or shafts not over 60 feet in depth, yet by the following year the 
various claims within the belt had been purchased and four large gold-mining 
companies had been organized and were in active operation. Three — the Home- 
stake, the Father de Smet, and the Highland — had been incorporated in Cali- 
fornia, and one — the Deadwood-Terra Company — in New York. Their properties 
were comprised in a belt about li miles long, extending in a northwesterly 
direction from Gold Run on the south to Deadwood Creek on the north. The 
group of claims constituting the Homestake mine occupies the southern end of 
the belt and is succeeded on the north by the Highland, Golden Terra, Deadwood, 
and Father de Smet mines, in the order named. Not long after the mines were 
opened it was found advisable to work them under a single management, and as 
time went on the Homestake Company came either into control or into actual 
possession of the other properties in a manner and to an extent not generally 
known to the public. The result has been that the name ''Homestake" has been 
applied to the whole belt and the other properties are often spoken of as if they 
were simply parts financially, as they are geologically, of one great property. 
This practice will be followed here, except so far as it has been possible from 
accessible published reports to segregate the bullion output of the different 
companies. 

The history of the Homestake properties, could it be given in full from 1878 
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until the present day, would be a most instructive one. It would describe the 
development of very low-grade bodies of ore in the face of great natural obstacles, 
and with a margin of profit necessarily so small that a very slight error might turn 
it into a loss; yet the company has been so uniformly successful that at no time has 
it been found necessary to suspend the regular monthh' dividends to stockholders. 
As it has V^en the policy of the company not to make public anything more than the 
general financial results of its business, the pu})lished data with regard to it are so 
incomplete that it is only possible here to give a general sketch of its history, which 
may not be strictly correct in all its details. 

In a large degree the uniform success of the properties has doubtless been due 
to the fact that those who furnished the capital for their development were men of 
practical experience in the management of large mining enterprises. Both in pur- 
chasing and developing their property they took the best scientific advice, and were 
willing to spend money freely in accordance with this advice. Furthermore, after 
having convinced themselves that their manager at the mines was a man of ability 
and integrity, they gave him free hand and did not hamper him in his work. To 
the two men who have had the entire management of its affairs since their inception, 
Samuel McMaster up to 1885 and T. J. Grier since that time, is due a great part of 
the credit for the remarkable success of this mine. 

REDUCTION OF ORES. 

It was evident that for a profitable working of such very low-grade ore as was 
found here it was necessary to handle very large quantities and at very low cost. 
It was possible to mine at very low cost, for the ore bodies, lying on rather steep 
hill slopes, could be worked in open cuts or actually quarried. The ore, moreover, 
was free milling and of a nature to be very readily crushed, hence the proper way 
was to increase the mill capacity as fast as was consistent with successful working 
and a judicious expenditure of capital. Timber was abundant in the hills, though it 
had been cleared away or burned off from the immediate vicinity of the mine. Other 
supplies had to ))o hauled from the Union Pacific Railroad, or from the Missouri 
River, a distance of "200 to 4<X) miles. 

In the summer of 1878 two stamp mills, one of 80 stamps at the Homestake mine, 
and one of 100 stamps at the Father de Smet, were put in operation. In 1879 the 
Homestake Company had a second mill of 120 stamps running, and mills of 80 
stamps each were built at the Deadwood and Caledonia niines. In 1880 the Highland 
mill of 120 stamps and the Terra mill of 8o stamps were added, making at the close 
of that year a total of 740 stamps employed in crushing the ore from this belt, with 
an actual capacity of 2 to 3 tons each per twenty-four hours. 

According to the first report of the Ilomestiike Company, which gives an account 
of the operations for twenty months up to September, 1880, the average yield of the 
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Ttie number of tons milled has increased annually from less than 200,000 in the 
early years to nearly 1>00,(X)0 in 19(K), but the costs chargeable to milling, as well as 
can be determined from the tinancial statements in the reports, still amount to about 
80 cents per ton in round numbers.® 

MINING DEVELOPMENT. 

The erosion of Deadwood, Bobtail, and Gold Run gulches had made cuts 250 
to 400 feet below the base of the Cambrian beds, or the highest points of the 
ore remaining on the intermediate ridges, and as the slopes of these ridges were 
quite steep the first mining was done by open cuts or quarries; then tunnels were 
run on a level as near the bottom of the gulch as was practicable and the ore 
dropped through chutes into cars in the tunnels. On either face of the porphyry- 
capped ridge between Deadwood and Bobtail gulches, which cut across the mineral 
bed nearly normal to its strike, the quarries exposed rock faces about 200 feet 
in height, which afford admii'able opportunities for studying the structure of a 
mineralized rock. Between the Highland shaft and the Star shaft of the. Home- 
stake mine, where the ravine runs approximately with the strike of the ore belt, is 
the greatest open cut in the region. This cut is about 800 feet long and 200 to 300 
feet deep, its bottom being 100 feet below the collar of the Star shaft. On its sides, 
also, there are good rock sections which show the porphyry bodies coming up 
through the slates and spreading out in horizontal sheets between the Cambrian beds. 
As an instance of the scale on which these quarries were mined in the early days, the 
record shows that in 1882 a mass of mineralized rock 100 feet long by 70 feet wide 
and 100 feet deep — say about 5,000 tons — was broken down by a single shot. There 
was necessarily a limit in depth to which this method of mining could be carried, 
and vertical shafts have subsequently been sunk at various points within the belt, 
from which levels, at vertical intervals of about KX) feet, run out under the quarries. 

As will be shown later, the ore bodies pitch rather rapidly to the south; hence 
the northernmost mine, the Father de Smet, was the first to reach the bottom of 
the pay shoot, and this mine ceased producing in 1886. On the other hand, the 
Homcstake properties at the southern end of the belt have not yet reached the 
bottom of the shoot, the Golden Star, or central shaft, being now 1,100 feet deep. 
A new shaft, the Ellison, is being sunk about 1,000 feet south of the Star shaft on 
the south side of Gold Run, and is intended to be used for j\'orking the lower 
IK)rtion of the ore belt on its southern extension beyond where any ore shows at the 
immediate surfaa^ In working the great bodies of ore it is often necessary to 
leave chambers several hundred feet in length and width, and the Comstock system 
of square* sets of timbers, or else huge timber cribs filled with waste rock, are used 

'iThi'sr liKiirt'M are obUilnod by dlvIdliiK the prosa amount of expense asMimeil to be chargeable to milling by the 
number of tons mille<l. Doubtless the costs might be ligured considerably \qhh if they were strictly confined to the 
actual ninning cost of each mill. 
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to support the roof and walls. In the Homestake mine the waste rock is taken 
from the bottom of the great open cut and sent down to the stopes through a shaft 
or rock chute. It is evident that mining costs must increase with depth attained. 
On the other hand, the increased cost has been offset in a measure by improved 
transportation facilities, which have lowered the cost of supplies of all kinds. The 
amount of water in the mines is not excessive, except in the spring, when the 
melting of the snow sends a considerable amount down through the open cuts. 
It is not, however, a disadvantage to the mines, since it can be used in the mills, 
for one of the principal costs in milling operations is that of obtaining a sufficient 
supply of water. 

The actual cost of mining per ton of ore milled is not known to the writer, but the 
aggregate cost, as taken from figures given in the Homestake reports, and counting 
in all mining work, exploratory as well as the direct cost of extraction, would 
appear in late years to have been a little over $2 per ton, whereas in the report of 
September, 1880, it was given as $1.33, or, calculated on the above basis, $1.70. 

MEANS OF COMMUNICATION. 

As has already been stated, when the mines were first opened the nearest rail 
or water comnmnication was b3' the Missouri River, about 200 miles distant, or the 
Union Pacific Ilailroad, about 400 miles distant. As wood was used for fuel as well 
as for mine timbering, a large amount was necessarily consumed, and the company 
soon l>egan the construction of a narrow-gage railway, which at first only ran from 
the mine openings to the mills, but was later extended through the timber belt in 
the direction of Rapid; 25 miles of this road was completed by 1882. By 1886 the 
Fremont, Elkhorn and Missouri Valley Railroad, now a part of the Chicago and 
Northwestern system, was within 50 miles of Rapid, and in 1887 had reached 
Whitewood. About this time, however, the tenor of the Homestake ores was falling 
off, and they were carrying 7 to 10 per cent of sulphurets, which did not amalgamate, 
and hence yielded nothing. This probably accounts for the slow progress of the 
various roads in the immediately subsequent years. By 1890, however, prospects 
were better in the mines; the Chicago and Northwestern Railway had reached 
Deadwood, and the Burlington and Missouri River Railroad, coming up from the 
south, had reached Hill City on its way to the same point; a narrow-gage railway 
connecting Deadwood with I^ead had been built, and the Homestake Railroad had 
been extended to Piedmont, on the line of the Chicago and Northwestern Railway; a 
pyritic smelter had been built at Deadwood, and a large chlorination plant at Pluma. 

Since 1891 there have been two rival trunk lines, the Northwestern and the 
Burlington, competing for the mining business of the Black Hills, and spurs have 
been built to every mine of importance, so that in the last decade transportation 
charges have probably been much lower than ever before. 
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Water has always been a considerable item of expense with the Homestake 
Company because of the large amount required for their stamp mills. It early 
acquired all the sources of water supply in the neighborhood; then a water company 
was organized, which constructed pipe lines and ditches to the heads of the nearest 
streams, and finally to the head of Speartish River. This company, together with 
the Homestake Railroad, which was also organized as a separate company, has 
recently by consolidation been merged into the Homestake Company. 

PRODUCTION. 

The following table, made up from data contained in the financial reports of the 
Homestake Company, gives its production from January, 1878, to June, 1900, 
together with the amount of dividends distributed to stockholders. The record 
speaks of only one assessment, of ^200,000, which was apparently the total outlay of 
cash for developing the mine and putting it on a paying basis. In the twenty 
months' period from January, 1878, to September, 1880, J600,<X)0 had been paid in 
dividends, and ^1,4:(>5,675 for plant and working expenses, leaving a balance of 
$107.48 in cash on hand. Cost of plant is charged as $503,475. 

Production of the Uomeatake Mining Compnny. 



Year ending. 



June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1, 
June 1 , 
June 1 , 



1S81'' 
1882.. 
1883.. 
1884.. 
1885.. 
1886.. 
1887.. 
1888.. 
1889.. 
IWK).. 
1891.. 
1892.. 
1893.. 
1894.. 
1895.. 
1896.. 
1897.. 
1898.. 
1899.. 
1900.. 



Ore mllkHl. 



Bullion. 



Tons, 
411, 
180, 
179, 
191, 
213, 
219, 
219, 
243, 
285, 
267, 
319, 
321, 
294, 
309, 
330, 
245, 
395, 
548, 
620, 
891, 



a58 
514 
074 
505 
190 
165 
290 
355 
774 
557 
130 
195 

5:^ 

210 
020 
220 
530 
390 
479 
585 



Ounces. 

167,861 

72,920 

70,341 

67, 776 

72,347 

76, 592 

56, 173 

52, 737 

56,846 

58, 356 

65, 987 

72, 6:^0 

66, 9a5 

82, mo 

90,991 

69, 322 

110,851 

149, 283 

172,543 

227, 695 



Gold. 



Silver. 



Total valne of I 
groHs prod- ' 
uet. a 



Dividendfi. 



$2,801,026 I 

1,222,400 I 

1,183,689 

1,142,599 

1,224,484 

1,294,960 ' 

950, ;U3 

895, 822 

961,907 

980, 243 

1,110,361 

1,217,958 

1,118,602 

1,371,568 

1,508,049 

1, 156, 785 

1,840,674 

2, 407, 997 

2,667,281 

3,557,387 



$29,436 

13,366 

12, 545 

11,898 

12,468 

12,029 

8,189 

7,585 

8,117 

8,597 

11,115 

11,106 

9,347 

9,341 

9,397 

8,099 

13,112 

15, 377 

18,559 

26,:^38 



Total : 5,685,771 



1,870,719 30,674,132 



$2,831,890 


$990,000 


1,237,161 


422,500 


1,196,394 


600,000 


1,154,681 


400,000 


1,236,967 


343,750 


1,306,989 


612,500 


958,532 


450,000 


903,407 


300,000 


970, 744 


275,000 


988,840 


150,000 


1,121,476 


150,000 


l,2ii0,546 


150,000 


1,127,949 


150,000 


1,398,850 


181,250 


1,546,138 


318, 750 


1,177,616 


375,000 


1,899,725 


375,000 


2,518,026 


500,000 


2, 725, 196 


750,000 


3,658,956 


1,175,000 


31,190,083 


8, 668, 750 



fiThc fiKures in the column *gn>jcs pnxluct" are sliglitl>' in excess of the sum of those in the "gold" and "silver" 
columns, becauM' thi'v include the premium of exchange, and in the last hix years also the amount received from sale of 
concentrates. 

''From January. 1878, to June 1, 1881. 
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The following table gives the avemgc yield of ore per ton milled at different 
annual periods during this time. There are no data from which to determine 
accurately what the actual content of the ore was, or what the loss has been. 
The method followed of assaying the tailing^ from time to time is not entirely 
accurate, for it does not take into account what loss there may have been of 
float gold, which, as its name indicates, would have floated oflf with the water 
and not settled with the tailings, and hence in such an ore might have been 
considerable. The table also gives for the same period the relative portions of 
gold and silver in the bullion produced, both by weight and by value. 

.1 verof/e yieid of ore and relative proportions of yold ami silver. 



Periotl. 



Up to September, 1880 

June, 1881, to June, 1882 

June, 1882, to June, 1883 

June, 1897, to June, 1898 

June, 1898, to June, 1899 

June, 1899, to June, 1900 

Total product to June, 1900 



Average 

yield of ore . 

treated. 



I*€r tan. ■ 
$6.90 
6.85 
6.60 
4.60 
4.40 
4.10 
5.485 



Finenems of ' 
bullion. 



815.1 
808. 6 I 
808.0 ■ 
793. 
758.0 
770.0 



iRutio of gold to silver in bullion. 



By weight. 

4. 90 to 1 
4. 64 to 1 
4. 60 to 1 
4. 29 to 1 
3. 98 to 1 
3. 88 to 1 



By valae. 



96.4 tol 

94.3 tol 

91.4 tol 
160.0 tol 
143.0 tol 
135.0 tol 
119.81 tol 



It is claimed by the management that there is no appreciable falling oflf in 
the tenor of the ore with depth, j^et the above figures seem to show a remarkably 
uniform decrease in its average yield. It must be admitted, however, that these 
figures are not necessarily conclusive. During the first three periods the ore 
would naturally have been somewhat richer than that found at greater depths, 
because it would have been enriched })y the oxidizing action of surfac*e waters. 
For the last three annual periods it is necessary to remember that the number 
of tons treated has been increasing very rapidly, and it is very possible that the 
average yield has been lowered by the milling every year of a larger amount of 
low-grade rock. It is quite possible, moreover, that when the company treats its 
own concentnites there may be a saving that may sensibly increase the average 
yield of its ore. As yet it can not be said that there is any conclusive eWdence 
of a decrease in value with depth in the sulphide or unaltered zone. 

The other columns in the table were arranged for the purpose of determining 
whether there was any uniform change with depth in the proportions of gold 
and silver in the bullion. For this purpose the figures in the last column are of 
no value, since they are based on the commercial value of an ounce of silver, which 
has been too variable to make it worth while to reduce it back to a (*ommon unit. 
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The others are deduced from proportions of gold and silver which are tabulated 
in the reports for each bar of bullion. In this case the average during one or more 
selected months has been given to represent the character of the bullion during 
the year. The bullion is remarkably free from impurities other than silver, the 
average of such impurities Ijeing less than 2 per cent, the ore yielding about 80 
per cent gold and 18 per cent silver. 

In considering the earlier and later groups of years the decidedly larger ratio 
of gold in the upper over the lower levels would be accounted for by the superior 
solubility of the silver, in consequence of which a larger proportion would have 
leached out, but in the last three years in the lower levels there appears to be a 
slight, though not absolutely certain, tendency for the proportion of silver to still 
continue to increase. It will be of interest to observe in the future whether this 
tendency still continues with greater depth. 

The next table gives the total yield of all the mines of the belt up to June, 1900, 
from figures kindly furnished by the officers of the Homestake Company. The 
dividends paid in the same year are also given, as far as it has been found possible 
to ascertain them; but it is evident that they are not complete, especially in the 
case of the Highland mine. 

The product of the Columbus mine should he added to the total, as it forms 
part of the belt. Its amount is, however, not known. The United States Mint 
returns for 1891, 1892, and 1893, give an aggregate of $88,618.41 for this mine; 
for other years its product was not segregated. 



ToUd product of the HomeMnke hell up to Jnne^ 1900, with relation ofproiluct to dividends. 



Name of company. 



Product to June 
1,1900. 



Homestake $31,190,143 

Deadwood-Terra (ceased in 1898) ' 11,073,065 

Highland 12,018,610 

Father de Smet (r.ea8e<l in 1886) 3, 259, 383 

Caledonia (ceased in 1893) ' 2,345,621 

Total ' 59, 856, 822 



Dividends in 
same iK'riod. 



$8, 668, 750 
1,500,000 



1,110,000 
194,000 



11,472,750 



Per cent of 
product. 



27.7 
13.5 



34.1 
8.3 



The dividends of the Homestake and Father de Smet mines are probably cor- 
rect. It will be noticed that the percentage of dividend to product is greater in the 
case of the latter thto in the former. This is due, probably, to the fact that the De 
Smet mine worked only on the richer ores near the surface, which have been more 
easily milled than those of the Homestake. No attempt has been made to calculate 
the percentage of dividends to product for the whole belt, inasmuch as i^ is evident 
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that the Highland mine must have paid some dividends and j)rol)a})ly of similar ratio 
to the Ilomestake, but it is not known what they were. 

It may be instructive to compare the results obtained in workinj^ this mine with 
those of some mine of an opposite type, whose ore instead of being exceptionally 
low grade is unusually rich. For this purpose the Portland mine, of C-rippIe Creek 
district, Colorado, has been chosen, since it publishes very full rej^orts and has 
l)een under one managment from the start. The figures given Ik»1ow are taken 
from the eighth annual report, which gives data uj) to December 81. IHol. 

Com/xinttivf i/ieJd and dirififinh of UonwHtnh' and Pnrthind in huh. 

Hitincstukc mine. Portlaiul iiiiiw. 

Ix»ngth of i)erio<l considered 22 years o iiionthH. . 7 years 9 months. 

( irosH yield of ore in n^sjHHttive i)eriods $'M, UH\ 143 $lJi. 138, 525. 

I)ivi<lends \md in respective i>erio<ls *.s, 6<>H, 751) $4, 027, (WO. 

Ranjre in value of ore jn^r ton 82 to 8U) 85to>u|(K)anduj)\vanl. 

Average yield jKjr ton of ore treaU»d during }K»riods 85. 4S 84t). 

Net yield of ore during last year of ri»si)e<*tive iH'rio<ls 84. 10 823. 

I)ividen<ls to gross prwluct 27. 7 per cent 30 jht cent. 

Th<\se figures are of intt^rest to those who propose to invest in mines, but of 
less value to the student of ore deposits in general, since they do not give the 
actual contents of the ore in each cas(\ but only the amount which has })een extracted. 
On the other hand, they do give the actual commercial results of two imiK)rtant 
and well-managed mines. The figures given for the rang<» in value of the respective 
ores are somewhat arbitrary, but they aie such as might be given by a conscien- 
tious promoter. Proba})ly still higher values might fairly have been given for 
the Portland ores, and to the average investor these high values w^ould present 
incomparably greater attractions than those furnished by the HomesUike figures, 
which are possibly put rather high. 

The actual results of many years' mining work are of comparable proi)ortions, 
$4*) per ton average yield for the Portland ores against not cpiite S^a.^o for the 
Hom<\st4ike ores, or nearly nine times as much, while the percentag<» of dividends 
to gross yield, which corresiK)nds as nearly as possible to the percentagt* of profit 
in an ordinary business, is only 80 pi»r cent as against 27i"o per cent, or less than 
10 per cent more, for the richer ore. 

It may })e said that the Homestake is a free-milling ore, while the Portland ore, 
being a telluride, is not, and hence costs more to treat. On the other hand, the 
Portland mine has been running only al)out one-third as many years as the Home- 
stake, and on comparing the average yield for the last year with the average yield 
4987— No. 2(5—04 5 
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since the inception of work, it is seen that in the Portland mine the yield has 

fallen off 50 per cent from the average and in the Homestake only about 25 

per cent. 

This is merely a practical demonstration by actual figures of what is well 

known by all experienced mining men — that as. a purely business proposition a 

very large body of low-grade ore is preferable to a moderate-sized body of very 

rich ore. 

GEOLOGICAL DESCRIPTION. 

SURFACE GEOLOGY. 

The town of Lead, which has a population of about 4,500, made up mainly 
of persons directly or indirectly dependent on the Homestake mine, occupies a 
basin-like valley at the head of the narrow ravine of Gold Run, down which runs 
the narrow-gage railroad that connects the town with the trunk line in White- 
wood Valley, about 350 feet below. The mther flat-top ridges that overlook the 
town on the north and south are occupied by remnants of the horizontal Cambrian 
strata and their included sheets or sills of porphyry that have escaped erosion, 
while on the divide directly southeast of the town is found a body of Tertiary 
clays and marls containing vertebrate remains that identify it as belonging to 
the White River formation. Below these capping rocks, whose maximum thick- 
ness in this vicinity is about 200 feet, the valleys are entirely carved out of the 
Algonkian slates. 

The main street of the town of Lead follows the general direction of Gold 
Run westwaixi up the ravine, while subordinate streets cross it nearly at right 
angles. The lower or easternmost of tbese cross streets is approximately in the 
direction and position of the original outcrop of the Homestake lode. East of 
it, extending across the head of Gold Run Ravine, are the main oflSces, mills, 
and hoisting works of the Homestake Company. The mine openings extend up a 
northwest branch of the gulch, in the upper part of which, above the Star shaft, is 
the great open cut of the Homestake mine, while another smaller open cut lies 
farther eastward, back of the Homestake mill and between the Star and Old 
Abe shafts. 

The eastern and northern walls of the Homestake open cut present a cliff 
section, 200 to 300 feet in height, of the mineralized slates which form the 
Homestake ore. In this section are seen many veins and lenses of quartz and 
intrusive dikes and stocks of white porphyry. These stand out in strong con- 
trast to the dark iron-stained slates, but their outlines are much obscured by 
the talus slopes of broken rock which is being drawn off from the bottom of 
the cut and sent down through chutes to tht* mine below to fill the cribs that 
support the walls of the great ore chambers. 
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At the northern head of the cut the apex of the ore zone is well exposed 
where it passes under the Cambrian beds. The basal conglonaierate of the Cam- 
brian is here wanting, and sandy shales with some brecciated material rest directly 
on the Algonkian surface. The porphyry here occurs in several parallel sheets 
a short distance above the base of the Cambrian, and by following them eastward 
along the railroad track one can distinguish points where a sheet bends down to 
(H)nncct with a dike coming up through the Algonkian slates. Remains of a still 
larger sheet cap the ridge, forming small hills. 

Still farther north are other open cuts, one on either side of Bobtail Gulch 
above the old mining hamlet of Terraville — the Deadwood-Terra cuts — and one 
on the south wall of Deiuiwood Gulch above Central — the De Smet cut. These 
are on the main Homestake zone, and farther east, south of Terraville, there is 
another cut on the Caledonia ore body. 

While these cuts are not so deep as the Homestake cut, not going below 
the beds of the respective gulches in which they are situated, they present an 
even better opportunity for studying the structure of the ore- bearing slates, the 
eontact of the overlying Cambrian beds with the Algonkian surface, and the 
intrusive bodies of white porphyry within these beds. On the west side of the 
cuts what is called the west wall of the ore body, the only one that is fairly 
well defined, is generally easy to distinguish. It dips eastward at approx- 
imately the same angle as the lamination of the slates, and on it the lines of 
pitch, which incline southward at an angle of about 23^, normal to prominent series 
of joint planes, are readily distinguished, as shown in the view of the Terra cut 
on PI. II (p. 214). In this view also the base of the porphyry boay is seen to cut 
across the Cambrian beds at a low angle, leaving a wedge-shaped mass between it 
and the Algonkian surface. 

The northernmost extension of the outcrop of the Homestake lode is in Sawpit 
Gulch, northwest of the De Smet open cut, where are the workings of the Columbus 
mine. Beyond this the Homestake lode disappears under the capping of Cambrian 
beds in the hills to the north, but a vertical in these beds, apparently on the 
same line of fracture, has given rise to a deposit of siliceous ore in the latter beds. 

The Columbus mine has been abandoned for some years, and its underground 
workings were not accessible. They are said to extend from the bed of Sawpit 
Gulch to Deadwood Gulch, and are opened by a 200-foot shaft in the former 
gulch. There are trench-like open cuts on either side of Sawpit Gulch which 
show rocks similar to those of the De Smet cut with abundant quartz lenses, and 
the mineralized ore body appears to be about 40 feet wide. 

South of Lead there does not appear to have been much evidence of ore on 
the surface along the line of the Homestake ore zone. Nevertheless, as it was 
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generally understood that this ore body was pitching to the southeast, a tunnel 
was run in from the level of Whit<?wood Gulch at the base of the steep face of 
the ridge that divides it from Lead Valley. It was intended to intersect the 
southern extension of the Homestake body and runs diagonally across the slates 
and in a direction more to the west of north than the trend of the latter. It is 
2,5(X> feet long and said to connect with the 800-foot level of the Homestiike 
workings, being now the property of that comiwny. It was not accessible at 
time of visit, and it is not known whether it found payable ore or not. 

The best surface exposures of the slates and intrusive poiphyry dikes are 
seen between the Star shaft and the Caledonia open cut. A cross section on this 
general line was very carefully measured by the geologists engaged in mapping 
the areal geology of the region, and the result is given in tig. 4 {p. 27). The section 
shows ten ditl'erent dikes or stocks of porphyry crossed. 

ORE MINERALS. 

The ores of the Homestake zone are rather ill-defined masses of rock sufficiently 
impregnates! with gold to pay for working, but otherwise hardly to be distin- 
guished from the country rocks in which they occur. They are singularly" Imrren 
of the usual ore minenils. The gold occurs in so finely divided a state as rarely 
to be visible, even with a magnifying glass. Where observed, it was found in 
the leaf form and without evidence of crystalline structure. Besides gold, the 
only other mt^tallic minerals are pyrite and arsenopyrite — the former by far the 
more abundant — which are irregularly disseminated through the ore, generally in 
very small crystals. While their presence is an a priori indication of values, 
they can hardly be considered as essential constituents of the ore, for they are 
often wanting in the relatively rich portions. 

OAN(iUE MINERALS. 

The nonmetallic or gangue mineral- -cjuartz — is the most abundant. It occurs 
in veins or lens-shaped masses often of considerable size and of several diflferent 
periods of formation; also in grains or crystals mostly of small size. In the 
crystalline form it is generally disseminated throughout the ore, and may be an 
original constituent of the quartzite or a later impi*egnation of secondary origin. 

Calcite and dolomite are also common gangue minerals, generally of secondary 
origin, but are not universally present. 

Tremolite and garnet are also of frequent occurrence in mo.-t portions of the 
ore body that are probably of original igneous origin, but can not l>e considered 
an (vssential part of the ore. Where the relative age could be determined gold 
is found to be of later formation than the gangue minerals. 
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IXCL< )SING R( )( KS. 

The Algonkian sljitc^s, in which the Homostjiko ore bodies occur, are schistose 
rocks, for the most part of sedirnentjirv origin, one variety alone being recognized 
as a nietaniorpho>ed igneous rock. The lattei- may be classed as an amphibolite, 
amphi})()le being the most prominent constituent. 

The amphibolites occur as dikes or irregular masses in the other Algonkian 
rocks. They are generally of greenish color, of massive and rather dense texture, 
with i)oorly develoi)ed schistosity. They are made up in general of ac^tinolite, 
plagioclase, secondary cpiartz, and orthoclase in subordinate* amount, with zoisite, 
ilmenite, titanite. leucoxene, and calcite as accessory minerals. The original rocks 
were probably bitsic, with pyroxene and ferromagnesian minerals as original con- 
stituents. Kernels of augite show the hornblende to be of uralitic chanicter. 

The metjimorphosed sediments are quartzites, quartz-schists, mica-schists, phil- 
lites, and graphitic, garnetiferous, and chloritic slates, with intermediate varieties. 
A common variety of the barren slates, known among the miners as wood-yard 
slate from its resemblance in fracture to split tirewood, is very schistose and shows 
wavy ci'enelations traversing the surfaces of schistosity. These slates consist of 
quartz and mica, densely aggregated, with tinely divided graphite in considerable 
abundance in the denser varieties. In the vicinity of the ore bodies pyrite occurs 
as thin films on the planes of schistosity, or with cpiartz as the nucleus of small 
knot (augen)-like masses. 

More recent eruptives of rather ac*id type cut through all these rocks, as well as 
indiscriminately through the ore bodies, in irregular masses, often having a dike- 
like form. These cM'uptives are of two varieties, which have been designated (1) 
rhyolite, (2) trachytoid phonolite. 

The rhyolite- j)orphyry, which is by far the more conmion rock, is a Hne-grained, 
granular aggregate of quartz and orthoclase with rare phenocrysts mostly altered to 
kaolin. The rock is very like the I^^adville white porphyry in habit and composition. 
Small crystals of pyrite occur very abundantly, even in the freshest specimens. It 
cuts through the Algonkian and spreads in sheets or sills between the nearly hori- 
zontal strata of the overlying Cambrian series. 

The trachytoid phonolite is a brownish-drab porphyritic rock composed of 
phenocrysts of salmon-colored sanidine in aphanitic groundmass. Small crystals of 
jegirine-augite can also be identified in the hand specimen. The microscope shows 
that the groundmass is made up of small rods of orthoclase, and that the rock con- 
tains a few crystals and irregular masses of identifiable nepheline, not enough, how- 
ever, to bring it among the normal phonolit^s. This rock thus far has only been 
seen at the 800-foot level of the Ilomestake mine, though it is elsewhere known 
as a not uncommon rock in various parts of the northern Black Hills.* 

a More detailtHl i>etrographic de}«eri|>tioiis of both roclcN and ore minemls will be found on page 80. 
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The prevailing strike of the lamination planes of the slates is X. 10^ to 45^ W., 
with a dip of about 75^ NE., but there are many local variations in both strike and 
dip, the former in places veering to the northeast. While the ore Ixxlies are gen- 
erally assumed to conform to the lamination or bedding of the slates, this is probably 
not strictly the case, though it was not possible to definitely prove or disprove this 
assumption, as both the ore bodies and the slates are rather irregular and obscured 
by later movements. 

Where the porphyry bodies are of the dike form they show a tendency to con- 
form to the dip and strike of the slates, but the larger bodies are very irregular in 
form, though an eastern dip is almost always discernible. They show a decided 
tendency also, like the ore bodies, to pitch to the southeast. This pitch is a struc- 
tural feature that has l>een observed in the crystalline schists of the Appalachians 
and bears the same relation to the dip of the lamination planes tliat the pitch of 
the axis of an anticlinal or synclinal fold does to the dip of the sedimentary strata 
involved in the fold. 

In the Homestake lode the pitch is best seen in strongly marked structural 
planes on the generally rather well-defined foot wall of the various open cuts. Its 
angle is 23° SE., which is also the general pitch of the ore bodies. (See PI. II, 
p. 214.) There also appears to be a tendency on the part of the porphyry to con- 
form in a general way with this pitch, but it is less susceptible of direct proof than 
in the case of the ore bodies themselves. The geneml deduction made by the writer 
from the above facts in their bearing upon the original mineralization of the region 
is as follows: 

The original complex of Algonkian sediments, with its included sheets of 
igneous rock, was slowly compressed into anticlinal and s^^nclinal folds, having a 
general northwest strike and southeast pitching axes. As the compression went 
on, probably with increasing intensity, these folds were squeezed into isoclines, 
and finally differential movement set in along planes of lamination. This move- 
ment was most marked along the general axis of the present ore body, and resulted 
in considerable displacement and some fracture. It had both a vertical and a lateral 
component, which caused a displacement vertically along the steeper sides of the 
fold and laterally along the axes. Irregular branching channels were thus opened, 
which had at th(» same time a steep dip to the east along the planes of lamination 
and a pitc^h to the southeast, both dip and pitc!h following in a general way lines 
of least resistance that resulted from an original tendency of the beds to slip on 
their dividing planes. 

At present it is difficult to determine to what extent the porphyry intrusions 
conformed with the pitch, but it is very evident that in a general way they came 
up along the lamination planes, which dipped to the east. When the intrusions 



HOMESTAKK MINES. 71 

reached the overlying Oainhriaii J>eds they spread out in a general westerly 
direction, following the softer and more readily yielding niemlwrs of that series. 

The only movement planes that can be with certJiinty assigned to the post- 
porphyry period are breccia planes carrying fragments of porphyry and slate, 
that follow or are parallel to the contact of porphyry and slate. 

FORM AND MANNKU OF OCCTRRKNCK OF ORE BODIES. 

The descriptions of the ore bodies which follow are necessarily imperfect for 
the following reasons: At the time of visit the greater portion of the upper 
mine workings on these ore bodies had long since }>een abandoned and were no 
longer accessible, and few persons could l>e found who were familiar with them 
at the time they were in operation. The examination of deeper workings, moreover, 
had not been completed when, in the autumn of 18J>9, the management withdrew 
the i)ermission to study them which had previously been accorded to memlKjrs of 
the Survey. Since 189t> there may have been developments in the deeper mine 
workings which, if known to the writer, might have moditied his conclusions. 

8rRF.\<E WORKINGS. 

The main Homestake body, «s defined by the open cuts of the Father de 
Smet, Deadwood-Terra, Highland, and Homestake claims, has a trend of about 
N. 30^ W. A second ore body, as mther imperfectly defined by the Old Abe and 
Caledonia open cuts, has a direction nearly north and south (N. 10'^ W.) and con- 
verges with the main ore body under the eastern portion of the town of I^ead. 
The on* bodies on lK>th these lines have a general dip to the east, as defined by 
their respective foot walls. 

In the De Sm(»t oikmi cut both walls of the ore IkkIv are fairly well detined, 
the hanging or east wall standing nearly vertical, and the foot or west wall 
dipping 55"-^ to ()0^ E. In the mjiss of slates that constitute what is left of the 
ore body on the south fac(» of the cut, the original Iwdding can be traced by the 
change in color and material of the respective beds, and is seen to conform in 
geneml to the lamination or schistosity. In pliures, however, sharp, closely 
appressed folds, which are cut through b}' the lamination planes, can be detected 
in the original bedding. The folds are mostly isoclinal, sometimes, however, 
assuming a fan shape. Three distinct phases of quartz veins or lenses ma}' be 
distinguished: (1) Material which apparently formed thin, siliceous layers in the 
original sedimentary material, and which has passed through the quartzite stage 
into a quartz that in the hand specimen can hardly lx» distinguished from vein quartz 
(see fig. 6). (2) Small seams of vein (|uartz which are parallel to the lamination 
and for the most part parallel to the In^dding also, but which in the folds cut across 
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it, as shown in PI. Ill, a photogmph of the crest of one of the small folds crossed 
i)v a quartz vein of this class. (8) Quartz veins or lenses are sometimes observed 
which cut across both lamination and bedding; these are generally larger, very 
irregular in shape, and appear to have been affected by differential movement 
within the inclosing rock mass. 

No porphyry bodies are visible in the slates exposed within the o^^en cut, but 
a considerable thickness of porphyry remains on the crest of the ridge above as 
a sheet intruded in the capping Cambrian beds. A 12-foot dike of porphyry, 
which strikes northeast and dips 60^ to 70^ N^^^, is cut in the tunnel which runs 
in from below the open cut near the bottom of Deadwood (lulch, and, following in 
general the strike of the ore bod3\ connects with the 800-foot level of the Home- 
stake workings. This is the only poq^hyry 
body observed underground in the northern 
p:irt of the Homestnkc workings, and may 
have been one of the ft^eders of the sheet or 
sill in the Cambrian beds on the ridge above. 
The porphyry sill is not strictly paiiillel with 
th(» bedding, but rises gently to the west, 
leaving in that direction an increasing thick- 
ness of Cambrian beds ImtwetMi it and the 
Algonkian rocks. The basal conglomerate is 
wanting above the apex of the Homestake 
body, but is found in unusual thickness far- 
ther eastward toward the point of the divid- 
ing ridge between Deadwood and I^btail 
gulches. 

In the (Cambrian beds beneath the por- 
phyry sill and a little to the west of the apex 
of the Homestake body some siliceous gold 
ore hits been mined, which is necessarily of 
later formation than the original ore in the Algonkian rocks, and is probably con- 
temporaneous with the ore bodies formed along verticals in the Terry Pe^ik region. 
In these open cuts it is impossible for the unpracticed eye to distinguish the 
slates which are sufficiently mineralized to constitute pay ore from those which are 
practically barren. Within the ore zone the rock appears to be mther more 
silicified and is more frequently stained by iron oxide, and there is more evidence 
of dynamic action. The so-called walls are apparently planes along which differ- 
ential movement has taken place, especially on the foot wall. The flutings which 
define the direction of pitch are very erident, as shown in PI. 11 (p. 214). 




Fig. G.— Folded and compressed quartziU' Imiid 
in slate. 
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the Cambrian, one of which caps the higher points of the ridge. The connection of 
some of these* sills with dikes breaking up through the Algonkian c^n l)e more or 
less distinctly traced on the northeastern face of the cut. At the bottom of the 
lowest sill is a breccia-liko material that apparent!}' represents the flow breccia 
which was the forerunner of the intrusion of the sill itself. 

Wherever the oricrinal outcrop of the lode can be seen under its covering of Cam- 
brian In^ds the })asal conglomemte appears to be wanting directly over it, but is 
found in unusual thickness at a little distance on either side in channel-like depre^s- 
sions containing abundant fragments of auriferous quartz. Hence, as is more fully 
explained in a later chapter, it is assumed that this outcrop was for a considerable 
time exix)sed to erosion above the waters of the gradually rising Cambrian sea. 

rxnEKCiKorNi) workings. 

The underground workings of the Ck)lumbu8 mine were inaccessible, but from 
accounts given b}- those who had sQi^n them, it seems th<* ore strongly resembled that 
in the De Smet, and, like it, was somewhat richer than the avemge ore of the belt, 
free gold being often visible to the naked eye. In the deeper portions the ore con- 
tains considerable sulphides. 

The greatest horizontal extension of ore in the Ilomestake mines is shown on 
the 300-foot level, so reckoned from the Star shaft. This level connects with the 
tunnel which runs in from Deadwood Gulch below the De Smet open cut, and is the 
only one that extends so far north, for the rea.son that no pay ore was found below 
the De Smet open cut at this level. Hence it has been assumed that the ore body 
has wedged out, as the form shown in the sections (tig. 7) suggests that it might. 
It is to be remarked that the funnel or wedge-like form shown in these sections is 
that which theoretically " might have been expected as the result of a normal fault- 
ing movement along the general axis of the Homestake body. The records show 
that the ore in the De Smet mine was considerably richer on the average than that 
in the mines farther south. This suggests that such downward leaching in the oxi- 
dized zone as took place had here been arrested in the bottom of the funnel by the 
converging walls and the ore was therefore relatively more enriched. In fig. 8 the 
gen(»ral form of the ore body in horizontal section is given as far as shown b}^ the 
ground actually stoped on the 800. 400, and 500-foot levels. As there shown the 
northernmost |X)rtion of the ore body for 1,000 to 1,500 feet is in the form of a 
narrow trough from 10 to 40 feet in width, which widens rapidly to the south 
between the* Terra and Highland shafts to about 150 feefc and then to 300 or 400 feet 
as the Star shaft is approached. In the latter portion, however, no distinct walls 
could ho traced and considerable portions of the ore body within these limit.s are 
left standing because the ore was of too low grade. In the hanging-wall country are 

" Becker, (J. F., Comstock kxle: Mon. V. S. (Jcol. Survey, vol. 3, 1882. pp. 178 el seq. 



FORM OF HOMESTAKB ORE BODY. 



75 



nian y large lenses of white quartz, sometimes 10 or more feet in thickness, which, 
however, show no metallic minerals, though pyrite seems more abundant in the 
slates immediately adjoining them. The lamination of the slates in general strikes 
somewhat nearer north than the ore bcxlies, and the latter show a tendency to overlap 
each other en echelon, leaving barren ground between the tongues of ore. 

In general in the country northwest of the Star shaft the form of the ore body 
fulfills fairly well the idea of a boat-shaped mass pitching to the southeast, and 
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KiG. h— I'lans oi H<>uie*lak».* ore b<j<!ic!s on the 3U0, 400, and 500 foot levels. 

hence on a given horizontal section growing actually wider in that direction. With 
the appeanuice of the porphyry bodies in the vicinity of the Star shaft, however, a 
disturbing factor is introduced. Not only is the main ore body split up into several 
distinct parts by the intrusion of the porphyry sheets, but there are separate 
detached ore bodies or chinuieys whose structural dependence on each other could 
not be determined from the examination made. These bodies lie south of the Star 
shaft, the principal ones, going eastward, being the Independence body near the 
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shaft of that name, the Pierce stope, the East stope, the Lineohi, aiul the Amicus 
body, the latter near the Old Abe shaft. The main working shaft at time of visit 
was the Star shaft, from which levels are opened at l<X)-foot intervals and drifts run 
out to cut the ore bodies that were worked in the next level above. The system of 
mining pursued involves the opening of large chambers in the ore zone, rapid 
extraction of the pay ore, and prompt tilling up of the stopes with waste, so that no 
detailed study of the individual bodies was practicable. The most important data 
were furnished bv th(» drifts which are run on each level eastward from the Star 
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Fit., y, — Star-Old Abe section *»i porphyry ami ore bodies. 

shaft to the Old Abe or Piunp shaft. These have been used as the coiumon ordinates 
for the successive mine plans given in tig. 8, and from them a cross section of the 
different porphyry sheets that intersect the main ore body has been constructed, 
which is reproduced in tig. 9. Although basinl on accurately determined data at 
each level the representation of the form of the bodies is necessarily somewhat 
diagrammatic, for it is not possible to trace their outlines between the levels. 
Nevertheless, from this section, ^combined with other data partly shown on the 
horizontal sections, it is evidcMit that the porphyry bodies have a fairly uniform dip 
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to the east in geiiei-al Hccordance with, though somewhat steeper, than the lamina- 
tion of the slates. Furthermore, it is seen that they pitch to the southeast as do 
the ore bodies, and, tinall\% that they tend to spread out more and occupy a wider 
horizontal section as they approach tlie surface. It is probably due to their southern 
pitch that many of these ore bodies appear to w^edge out in depth, and if a parallel 
section could be made on a plane somewhat farther south it would probably be found 
that the point of the wedge is successively deeper in each section. The only other 
cross section of the porphyry dikes observed was in a cross-cut drift on the 300-foot 
level running from the north header or drift of the Star shaft eastward about 900 
feet to the Caledonia workings. This drift cuts six dike-like bodies of porphyry 
from 12 to 70 feet in thickness and with an aggregate thickness of about 200 feet. 
Comparing this cross section with the eight sections obtained in the Star-Old Abe 
drifts, it is seen that while each differs somewhat in the number and thickness of 
individual dikes the aggregate thickness of all of them cut on these various lines 
presents a rather remarkable uniformitv, ranging onlv ))etween the extreme limits of 
150 and 225 feet and averaging about 200 feet. The dikes ma}', therefore, be regarded 
as representing a single intrusion of porphyry, which had been forced between the 
lamination of the slates and cut across the eastern edge of the ore body, entirely 
inclosing in some cases large masses of ore-bearing ground. A most interesting and 
instructive feature of the dikes is the frequent occurrence at their contact with the 
slates of a line of breccia, generally conforming with the plane of contact, but some- 
times branching off into the }>ody of the slates. While some of these breccia seams 
may be, as Doctor Jaggar suggests, flow breccias or broken material which was 
pushed ahead of the magma at the time of its first intrusion, they are, for the most 
part, true friction breccias and contain broken fragments of the porphyry, as well as 
of slates. In one case a seam of brecciated slate and porphyry fragments was found 
in the slates at a distance of 15 feet from the porphyry contac^t. The breccias thus 
indicate clearly that there have been dynamic movements within the mass of slate 
and porphyry since the intrusion and consolidation of the latter. They are found 
generally on but one side of the dike, but in a few cases were observed at either 
contact. A study of these friction breccias show that mineralizing solutions must 
have entered along the channels produced by these movements. Panning tests 
prove that the breccias contain gold values, though generally less than the adjoining 
slates, while the poi-phyry on the opposite wall is generally found to be practically 
barren of gold. On the other hand, both breccia and adjoining slates are abundantly 
impregnated with pyrite, as is the porphyry to a less degree for a short distance 
from the contact. There has also been a certain amount of silicification accompany- 
ing this later mineralizing action. Not only the breccias and slates but also the 
porphyry itself have been silicified in the neighborhood of these secondary fractures, 



78 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 

and some of the large quartz lenses in the hanging- wall portion of the body are 
apparently of more recent origin than the poiphyry. 

On the 800-foot level, a little south of the Star shaft, the mine drifts have dis- 
closed the top of a body of phonolite which crosses the lamination of the slates in 
a northeasterly direction. As seen at time of visit, it consisted of two detached 
masses with the same general strike on their northern I'ontacts. These masses are 
probably projecting knobs of the upper surface of a single bod\% and may be 
expected to join below. They are presumably of later origin than the rhyolite- 
porphyry. Whether they liave had any influence on ore deposition is not known. 

CALEDONIA ORE BODY. 

This ore body was only observed on the 800 and 600 foot levels. It lies entirely 
to the east of the porphyry intrusion which is cut by the other mine workings, and 
the porphyry body seen at the surface near the open cut did not appear in the lower 
workings of this mine. A narrow dike of yxn'phyry striking N. 10° W. is, however, 
cut by the somewhat curving drift which reaches the Caledonia workings from the 
Old Abe shaft on the 600-foot level. The slates in this portion of the workings have 
the same general strike, namely, a little west of north, though it locally bends a 
little to the east of north. Their dip is about 45^ E. , apparently somewhat less steep 
than that of the porphyry. The ore body has the usual eastern dip, which also 
seems to be rather steeper than that of the slates. The inclosing rocks are amphib- 
olitic and abundantly impregnated with pyrite. 

CONCLUSIONS. 

From the observations made in the underground workings, of which only a bald 
statement of the most important has been given al>ove, the following conclusions 
have been drawn as to the form and probable origin of these ore bodies. The 
determining cause of the original ore deposition would appear to have been a com- 
pression and crushing of the rocks along two converging lines, a line of major 
crushing, trending about N. 30'^ W., and a line of minor movement, running about 
N. 10^ W. and crossing the line of major crushing just south of the Star shaft, where 
now are opened the shafts and most extensive ore bodies. The movement which 
produced this crushing must have been very gradual and of a nature similar to that 
which produced the lamination of the slates. It resulted not in large definite frac- 
tures or in brecciation of the rock, as in vein fissures or crushed zones, where ore 
generally accunuilates, but in a differential movement along the already determined 
planes of lamination and pitch, the effects of which, however, extended through 
zones or bi»lts that were somewhat more steeply inclined than either of these struc- 
tures, especially at the junction of the lines of major and minor crushing, where 
the resultiint crushed zone seems to have a nearlv vertical direction. 
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Jaggar has suggested that the general zone of crushing is nearly coincident 
with the change of dip of the lamination of the slates, but no facts bearing 
directly upon this theor\' were observed in the underground workings. If, how- 
ever, a strong line of folding had been developed in the original sedimentary series 
prior to the compression which produced the lamination, it is very probable that 
during the compression the limbs of the folds would have been lines of weakness 
along which the strain might have resulted in some differential movement and special 
crushing and dynamo-metamorphism of the rocks. Along these lines of movement 
the solutions rose from which were precipitated the original deposits of iron sul- 
phides and gold. There is no definite evidence as to the source of these metals. 
The presence of garnet-amphibole rocks is suggestive of contact metamorphism, 
but neither magnetite nor specular iron, which are usually chamcteristic of contact 
mineralization, is found with the ore, nor in its distribution was the ore observed to 
have any special relation to the older intrusive bodies. The ore is distinctly of later 
formation than the garnet and associated minerals, and the latter are seen b}' micro- 
scopic study to have l^een formed since the dynamic action which produced lamination 
or schistosity in the rocks. The metals may be assumed, therefore, to have been 
derived from the leaching of rocks at some distance below the surface by percolating 
waters, and to have been precipitated in contact with the graphitic matter, and 
possibly also with original pyrite, present in the slates. 

The second mineralization w^hich came after the later intrusion of rhyolite- 
porphyry evidently followed the same general channels and consisted essentially 
of the same materials, iron sulphide, and gold. It did not stop at the Cambrian 
contact, however, but continued on through cracks or fissures into the Cambrian 
rocks and deposited abundant auriferous pyrite in the basal conglomerate adjoining 
and in the calcareous beds immediately overlying the outcrop of the Homestake belt. 
The most important difference as yet noted between the two periods of deposition is 
the local formation in the conglomerates of tungstate of iron which seems to replace 
the sulphide. In these later deposits no evidence of pneumatolytic action has been 
observed. As to whether mineralization went on during the period between the pre- 
Cambrian and Tertiary deposition, there is also no evidence. 

The deposits in general are remarkable for their freedom from metals other 
than those already mentioned. There is said to be 0.11 ounce of silver per ton in 
the ores and not over 0.05 per cent of copper in the concentrates. Secondary 
enrichment of the ores by surface leaching has also been of relatively small impor- 
tance. Some of the surface ores of the Homestake Ixxly are said to have assayed as 
high as $16 per ton, and the ore taken from De Smet and Columbus mines is said to 
have averaged about $1 per ton richer than the ores of the more southern mines. 
It is said that the concentrates in the upper workings of the Homestake mine, where 
the ore was almost completely oxidized, carried only about $1 in gold per ton, but as 
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oxidation has decreased in depth the amount of gold in the concentrates has increased 
until in the lower levels, where oxidation has not penetrated, the concentrates carry 
$8 in gold per ton, while the ore taken as a whole averages $5.50. Under these con- 
ditions there is no evidence of any decrease in the values with depth, while the size 
of the ore Ixxiy appears to be increasing rather than decreasing. On the other hand, 
it would appear from such evidence as was obtained during this examination that 
the pitch of ore is not as regular as seemed to be the case in the upper and northern 
portion of the workings, but that at present it has steei)ened so as to nearly 
approach the vertical, while the ejistern dip has also steepened. This might have 
been expected if, as suggested above, the present result is dependent on the 
converging or crossing of movement on two distinct lines. 

PETROGRAPIUV STUDY OF THE liOMESTAKK ORES. 
By J. D. lRviN<i. 

The ores of the Homestake mine occur in the rocks of the Algonkian, which 
consist of a varied series of highly altered and, in most cases, crystalline rocks. 
They may be divided into two groups — mebunorphosed sediments, and metamor- 
phosed igneous roc^ks. 

METAMORPHOSED SEDIMENTS. 

The rocks of this group constitute by far the greater portion of the Algonkian 
series. They are quartzites, quartz-schists, mica-schists, phvllites, graphitic slates 
and schists, chloritic slates and schists, and many varieties intermediate in 
position. 

METAMORPHOSED lONEOUS UOCKS. 

Under this head are placed a series of varyingly schistose rwks of uniformly 
basic character. They are here grouped together under the comprehensive term 
'•amphibolite,-' as amphibole is the most noticeable constituent. As a whole they 
pi'esent a greenish appearance, a massive and rather dense texture, and in the 
majority of cases possess a schistosity but poorly developed. They occur as 
dikes or irregular masses in the other Algonkian rocks, and in many cases show 
a massive core with the schistosity increasing toward the periphery. Mineralog- 
ically they consist of pale-greenish amphibole (usually actinolite) with some original 
plagiochise, secondary quartz, and orth(K»lase in subordinate amount, with acces- 
sory zoisite, ilmenite, titanite, leucoxene, and calcite. Original kernels of augite 
show the hornblende and actinolite to l>e of a uralitic character. Some of the 
more highly metamorphosed rcH'ks show a development of biotite. 

In texture the metamorphosed igneous rocks vary from a fine-grained dense 
nx»k, though diabasic, to one very coarse with a characteristic mottled appearance 
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material, which is presumably graphite. This graphitic material occurs in such 
abundance as to make microscopic sections very opaque. Otx^asional lenses of small 
size occur in which irregular masses of pyrites and quartz may be observed. 

The coarser variet}' of the so-called "' woody ard'" slates (No. 44) shows lighter- 
colored, nither larger dakes of mica, and a more* marked evidence of crumpling. It 
contains considenible chlorite, and between the micaceous layers are inU^rcalated 
bands of a more quartzose character. The (juartz gniins are small and show con- 
siderable recementation. The mica is nmscovite. The light color of the rock is due 
to the absence of the graphitic constituent. Consid(»red as a whole, these specimens 
show a less disturbed condition than the ores; they (»ontain far less pyrite and are 
much more evenly schistose. 

ORES. 

In the set of sj)ecimens collected the following three varieties of ore can be 
distinguished: (1) Banded ore; that is, ore wherein the minemlization has not been 
accompanied by distortion of the original structures of the rock. (2) Contorted 
ore; that is, ore where the original rock has imdergone very great distortion. This 
distortion has generally been accompanied by the introduction of numerous minerals 
not an essential part of the Algonkian series. (3) Massive ore; that is, ore where 
few, if any, traces of either the original structure or the original ingredients in the 
Algonkian rock can l)e observed. These three varieties are separated from one 
another by no sharp lines of demarciition, but transitional varieties occur showing 
all stages of distortion and mineralization. 

BAN DEO OKK. 

A specimen of ore taken from the middle breast of the 800-foot level shows 
complete preservation of the original structun»s and characteristics of the Algonkian 
rock after mineralization. It is a bla<*k, schistose rock (specimens 4 and 5) in which 
the original sedim(»ntary banding is very pronounced. The bands are caused by the 
alternation of narrow and exceedingly dense layers of a slaty aspect with broader 
^ bands of coarse texture and slightly lighter color. Th(^ narrow bands have a slaty 
cleavage at a considerable angle to the bedding. The microscope shows them to l)e 
composed of irregular Wades of biotite parallel to the cleavage and a confused 
aggregate of very linel}' divided black mattM'ial of presumably graphitic character. 
Small grains of quartz and orthoclase occur together with the biotite. Along the 
planes of schistosity in these dark bands occur broad and extremely thin films 
of pyrite. 

The coarser layers are composed of irregularly bounded grains of orthoclase 
of considerable size and irregular patches of biotite. The orthoclase grains con- 
tain many inclusions and have originated from the metamorphism of the primary 
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ingredients of the rook. The biotite is interstitial between the orthoclase indi- 
viduals and is in very irregularly bounded patches arranged without any special 
orientation. They are generally of sufficient size to be identified in the hand 
specimen. It is interesting to note that the graphitic material in the body of the 
orthoclase is arranged in very narrow bands of alternately darker and lighter color 
according to the greater or less abundance of the graphite (see fig. 10, 1). These 
bands follow the original bedding planes of the rock, causing the contrast in color 
which makes the banding prominent. The schistosity has fractured them so that 
their continuity is interrupted by a succession of small displacements (see fig. 10, 2). 
Joint planes can be frequently observed running in directions at various angles to 
the prevailing schistosity. In some of these seams carbonates — probabl}' calcite 
and dolomite — occur; in others, pyrite. 

A slightly more oxidized variety of banded ore is seen in specimen No. 25 
from the north end of the 4()0-foot level near the 

De Smet. It is a blackish-gray rock with a pro- i* 

nounced sedimentary banding and poorly developed 
gchistosity. Small crystals of arsenop^^rite and 
pyrite are scattered sparsely through it with no 
semblance of regularity. The pyrite occurs also in 
irregularly distributed masses or in thin films. 
There is later deposition of pyrite, together with 
considerable limonite, along secondary fractures. 
Viewed under the microscope the rock is seen to 
consist of biotite, quartz in grains, and numerous 
lenticular masses or cr3^stals of pyrite and arseno- 

_,, . " , 1 T 1 ^^^' 10.— Banding of Algonkian slate due 

pyrite. • I he specmien has suiiered little or no to parallel arrangement of graphitic 

deformation, and but for the occurrence of the sul- ™*^'"*^^- 

phides presents no noticeable features which would serve to characterize it as an ore. 

Nos. 15 and 16, taken from the north end of the 400-foot level, show still 
another variety of banded ore. In No. 15 the sedimentary banding is scarcely 
noticeable and the rock closely resembh\s the ^'woodyard'' slates in its general 
appearance. It is a fine-grained grayish phvllite, with bands of somewhat more 
graphitic character occurring without regularity. Pyrite is present in very thin 
films along the planes of schistosity. 

No. 16 is a rock of very similar character, but exhibits two directions of 
schistosity. The first, or that parallel to the original banding, causes the rock to 
break into broad flat slabs. The second is at an angle to this and exists only between 
the first described. The microscope shows the rock to be composed of quartz grains, 
fine blades of muscovite, biotite, and chlorite, together with considemble calcite in 
irregular patches and some pyrite. 
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Bhows that th(»re ha.s been an introduction of calcite subsequent to all of the 
early mineralization. 

In one specimen of this chloritic ore (No. 896) a considerable development of 
free ^old was observed. This ^old occurs in two distinct relations to the gangue 
minerals; tirst, contained in the (juartz in extremely thin leaves following apparent 
fracture lines; second, contained completeh' in the chlorite-8<*hist. In some instances 
the gold leaves in the (juartz extend up into the chlorite of the main mass. In 
neither case is the gold associated with sulphides, but small fragments of quartz, 
some of th(»m completely surrounded by gold, occur with all of those masses of gold 
in the chloritic portion of the ore. A si>ecimen of the gold in the chlorite was seen 
in the mine inspector's office in which a leaf of gold about one-half inch in breadth 
and one sixty-fourth of an inch in thickness projects from the chlorite and curves 
over on the outside of the rock. In one instance a leaf of gold extends from the 
(]uartz into the chlorit<^ by which the latter was surrounded and occurs there 
together with chlorite, tilling the interstices between irregular grains of quartz. 
Most of this gold is in exceedingly thin leaves, none of it ever showing nugget-like 
appearance. A distinct crystalline structure could not be observed in any of the 
gold, but its maimer of retlecting light suggested the presence of minute crystalline 
faces. 

MASSIVE ORE. 

UndtM' the name of ^'massive'' ore has been placed that variety of ore in which 
all structures —both of banding and schistosity, which characterize the Algonkian 
rock - have l)een completelv ol)literated. This variety of ore consists chiefly of 
minerals which have l)een introduced either by deposition in spaces left between 
Algonkian rcK*ks or by replacement. Such minerals as are characteristic of the 
metamorphosed Algonkian oc(!ur either in this ore as broken fragments or in the 
Algonkian rock which forms the walls of the cavities in which the ore was found. 
One of the most interesting varieties of this ore is that composed of dolomite and 
quartz. A characteristic sjKJcimen of this variety of ore (No. 925) was taken from the 
Houth breast on the 800-foot level. It consists of a large irregular mass of coarselj^ 
crystalline dolomite confusedly mingled with chlorite, tremolite, irregular masses of 
glassy (juartz, and some pyrite. The main dolomite mass is intersected by joint 
planes tilled with glassy quartz and evidently of a nmch later age than the rest of 
the ore. The microscope shows the dolomite to be made up of a great number of 
sepamti^. individuals, none of them with crystalline boundaries, but impinging upon 
one another in very irregular lines. They show very great dynamic stress in their 
wavy extinction and distorted cleavage. A few identiliable masses of calcite occur 
with the dolomite. The quartz which tills the joint planes is seen to be composed of 
many small individuals, but is very clear and shows no indication of strain. 
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lowisb ill color and probably ha« some of the siderite molecule in its composition. 
The tremolite sometimes penetrates the garnet and in some cases has been replaced 
by calcite. The dolomite of the main ore mass is to be sharply distinguished from a 
few later calcite seams which out both quartz and garnet indiscriminately. The 
quartz frequently contains little porous and fluidal inclusions arranged in lines at 
varying angles to one another. In this variety of garnetiferous ore, therefore, is 
seen the following sequence of events: 

(1) The metHmorphic action which produced the tremolite and the garnets. 
(2) The shattering of the original rock which gave rise to the broken condition of 
the garnets. (3) The introduction of the dolomite between the fragments of the 
garnet. (4) The shattering of the rock as then formed and the introduction of the 
quartz into the spaces thus left vacant. These relations will be well illustrated by 
Pis. VII, .1 and B. 

It is probable that most of the pyrite was introduced at the same time as the 
quartz, but, except to say that it is later than the garnet, no definite evidence as to 
its age is available. Later than all these events occurred considerable movement 
and crushing which produced strain phenomena in the quartz and the subsequent 
recementation of the shattered individuals by quartz. 

FORPIIVRIES. 

The eruptive rocks occurring in the Homestake mine are rhyolite and trachy- 
toid phonolite. 

The rhyolite, which is by far the most abundant of the two, is a dense, almost 
aphanitic, grayish-white rock resembling novaculite. Under the microscope it shows 
an extremely fine aggregate of low polarizing individuals in granular arrangement. 
None of them are large enough to be accurately determined, but they are probably 
quartz and orthoclase. Phenocrysts are scattered very sparsely through the rock 
and are uniformly small in size and show very advanced stages of alteration. In the 
very rumierous sections examined all of the phenocrysts were either completely 
kaolinized or weathered and the spaces filled by secondary calcite. The only basic 
mineral present is pyrite, which occurs abundantly even in the freshest specimens. 
It generally shows small dodecahedra or pyritohedra, or is in irregular rounded 
masses of no definite form. These crystals and masses are generally extremely 
small, so that they appear in hand specimens merely as minute, glistening specks. 
No dark silicates of any kind ean be seen in the slides. There is a general resem- 
blance of this rock to the rhyolite or white porphyry which occurs in the vicinity 
of Leadville and elsewhere. 

A second variety of porphyry is a rock belonging to the phonolite family. It is 
a porphyritic rock exhibiting a dense, brownish- green, almost aphanitic groundmass, 
in which are embedded gla.ssy or salmon-colored crystals of sanidine. Small crystals 
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of aegirine-augite can also be identified in the hand specimen. The microscope 
shows tlie groundmass to be made up of small rods of orthoclase arranged in flovv 
structure, together with innumerable shredded masses of aegirine. A few crystals 
and irregular masses of identifiable nepheline occur. The large aegirine-augites are 
generally well bounded and show the characteristic cleavage and optical characters of 
this variety of pyroxene. The rock has scarcely suiBcient nepheline to be classed as 
a phonolite, and 3'et the proportion of that mineral is too large and the amount of 
soda pyroxene is too great to allow its classification with the soda trachytes. It is 
distinctly a transitional type and belongs to that variety of rocks which is very 
common in the northern Black Hills and has been classified as ^"trachytoid 
phonolites." 

PORPHYRY BRECCIA. 

On the border of many of the dikes of rhyolite occur varying widths of 
brecciated material consisting of angular fragments of porphyry, ore, and distorted 
schist. On the upper levels these breccias are too much oxidized to afford any 
satisfactory evidence from their study. Those from the lower levels, however, 
present some interesting features. 

No. 78 occurs on the contact of the dike with barren slates. It consists of 
sharply angular fragments of porphyry, glassy quartz, and dolomite embedded in a 
matrix of black comminuted schist of a very graphitic character and more or less 
heavily impregnated with pyrite. 

No. 29, taken from the east stope on the 50<)-foot level, shows a grayish mass of 
brecciated material containing much fine-grained pyrite and small angular masses of 
porphyry. In this are embedded large and small more or less broken angular 
fragments of glassy quartz. Pyrite occurs in the quailz mther more sparingly than 
in the interstitial material. The latter is an extremely fine, black, graphitic 
aggregate, which, by reason of its very yielding character, has teen thrust into the 
minutest crevices. The p3^rite occurs most abundantly in this matrix. 

Specimen No. 81 shows fragments of porphyry completely emtedded in glassy 
quartz and pyrite of the ore mass. The quartz fragments are made up of many 
separate individuals with very irregular boundaries, and in polarized light give 
evidence of great dynamic stress. Much calcite has teen introduced between the 
fragments of quartz and also occurs in irregular patches in the brec<*ia matrix. It 
is worthy of note that the pyrite in the matrix, even where present in distinct 
crystals and large masses, shows no evidence of shattering. It is therefore probable 
that this mineral was introduced either subsequent to or contemporaneous with the 
brecciation. 

Specimen No. 47 is a breccia showing a more advanced degree of comminu- 
tion. Under the microscope w^e are able to detect fragments of quartz, angular 
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fragment« of porphyry, and irregular pieces of quartzite and schist. In the 
interstices between these different fragments is a matrix composed of black 
crushed material of graphitic character. Some calcite and a little clay resulting 
from a decomposition of the feldspar are also present. The quartz shows the 
usual strain phenomena. The softer material in this case, as in the other specimens 
of breccia, has suffered the greatest deformation and has been intro<iuced between 
the harder fragments without destroying their angularity. 

SUMMARY. 

Although a careful study of the collected specimens from the Homestake 
mine does not lead to any ver}' positive conclusions, it is possible to get from the 
relationships of the different minerals some evidence as to the geneml nature 
and origin of the mineralization. The ores occur along a detinite zone which 
follows roughly the general trend of the schistosity of the Algonkian series. 
This zone has been the line along which successive periods of differential move- 
ment and fracturing have occurred. That these periods of movement were 
subsequent to metamorphic action is proved — first, by the partial or complete 
obliteration of metamorphic structures in much of the Homestake ore, and, 
second, by the shattering of many of the minerals which are the characteristic 
products of metamorphic action. Thus, for instance, the gnarled and knotted 
structures of the chlorite-schists from the Pierce stope: the departure of the 
schistosity from the even and regular direction so (characteristic of "'woodyard" 
slates to one wholl}^ without regularity; the occurrence of various foreign 
minerals in distorted and confused relations; and, finally, the complete obliteration 
of all metamorphic structures in some of the more massive varieties of ore must 
be assigned to disturbances which have occurred long after metamorphic agencies 
had ceased to operate. 

For the better understanding of the relations of the different ingredients of 
the ores and the conclusions which may be drawn from their study the following 
general summary is introduced. The minerals of which the ores are composed 
fall into the following three well-defined groups: (1) Minerals which are an 
essential part of the Algonkian rocks, either as original ingredients of the series 
prior to metamoq)hic action or as products of regional metamorphism. These 
include quartz, orthoclase, hornblende, biotite, garnet, tremolite, actinolite, titanite, 
and graphite. (2) Minerals that are the result of mineralization as distinguished 
from metamorphism, pyrite, arsenopyrite, quartz, dolomite, calcite, and gold. (3) 
Minerals that are the result of the oxidizing and decomposing action of surface 
waters, iron oxide, and calcite. The minerals of this group, except in so far as 
it is necessary to distinguish them from the others, are unimportant. 
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It is readily seen that quartz occurs as the most abundant and characteristic 
mineral in both series, nor have we, except in its structural relations, any means 
of determining to which class it belongs. It occurs in three forms: 1. As a relic 
of the quartz of the original rock prior to nietamorphism, in which case it may 
generally be distinguished by its occurrence in somewhat stretched grains which 
have been cemented b\' later depositions of silica. Strain phenomena and other 
indications of metamorphic action are here at their maximum. 2. As a by-product 
of nietamorphism filling interstices betw^een the laminae of schists and forming 
grains in the schists themselves. Quartz of this variety is seen to be composed 
of sepai-ate individual grains sometimes cemented together by additional silica and 
always shows — at least in all of the ores taken from the Homestake mine — evidence 
of dynamic stress. 3. As a vein mineral intersecting all ^chistosity and other 
superinduced metamorphic structures and therefore entirely subsequent to these. 
How man}' periods there may have been during which this vein quartz was intro- 
duced it is impossible to say. 

Garnet and tremolite of the first or metamorphic group are undoubtedly older 
than some of the quartz, pyrite, and dolomite that are attributed to minei-alization. 
The garnet especially often occurs shattered and broken, the interstices between the 
fi-agments being filled w^ith dolomite, quartz, and pyrite. 

Pyrite occurs in many different relations, such as: 1. Along planes of secondary 
schistosity and other metamorphic structures; it is here unaffected by subsequent 
movement. 2. In irregular masses and crystals having no definite relation to the 
schistosity. 3. In irregular masses and cr\'stals which have been shattered by 
subsequent movement and the interstices between fragments filled by quartz. 
4. In the porphyry in minute crystals and rounded grains. 5. As the central and 
youngest ingredient of quartz veins which cut across the prevailing lamination. 
6. In joint planes cutting the schistosity and evidently long subsequent to other 
mineralizing action. 

It will thus appear that the pyrite ha.s been introduced at different periods. 
One of these periods undoubtedly occurred later than the movements which shat- 
tered certain of the metamorphic minerals It can not, however, be determined 
whether pyrite belonging to other periods of mineralization may not have been 
introduced at the time of nietamorphism. Again, some of the pyrite is later than 
the intrusion of the rhyolites, but that belonging to other periods may have been 
introduced earlier. 

Gold. — The relations of the gold afford no evidence as to the date of its 
introduction. It is associated with quartz, and may have been introduced with the 
quartz or subsequently. Furthermore, there is no evidence as to the manner in 
which the gold was deposited. 
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Dolomite, — The dolomite seems to have V>een the product of a single period 
of minemlization. Its relation to fragments of metamorphic minerals shows that 
it was formed later than the metamorphic action. Its occurrence as fragments 
in porphyry breccias shows that it was present previous to the movement that 
shattered the dikes. Again, verv heavy stmiii phenomena, the distortion of 
cleavages and twining lines, together with \U occurrence in lenticular and augen- 
like masses in l>odies of schist, show that nuich movement and distortion has 
occurred since its introduction. The relation of the dolomite to some of the 
<]uartz is also interesting, for fractures or joint planes tilled with glassy quartz 
occur in the dolomite, and f requentl}^ cleavage rhombs and angular fragments of 
dolomite may be seen surrounded by glassy (juartz. The relation of the dolomite 
and pyrite can not be determined. 

The general conclusions which may be drawn from the study of these spiHumens 
are as follows: 1. There have been successive periods of movement since the 
metamorphism of the Algonkian series. 2. There have been successive periods 
of mineralization which occurred later than the metamorphism of the series. 
Others may have occurred prior to metamorphism, but of these we have no 
proof. 3. Though no delinite evidence is at hand to show that the gold was 
introduced into these ores after the metamoi-phism of the rock, it seems most 
reasonable to refer it to this period of mineralization. 

CLOVER LEAF MINE. 
The Clover Leaf mine (formerh^ the I'ncle Sam) is situated on the south side 
of Elk Creek, at Perry station, on the Bla<*k Hills and Fort Pierre Kailroad. 
The country rock is mica-schist and the usual associated rocks of the Algonkian 
formation — mica-slates, chloritic schists, amphibolites, and quartzites. The mine 
is situated in the Algonkian area at a considerable distance, in all directions, from 
exposures of higher geological formations. PI. VIII (p. 214) shows the geology 
and general mode of occurrence of the ore Ixxly. The mine was first operated under 
the name of the '* Uncle Sam mine," but was abandoned in 1889 on account of the 
difficulty in handling the water. It was idle for ten years, and was then opened in 
1899 by a new^ company. The deposit was originally worked by an inclined shaft 
extending southward from a point a short distance north of the large open cut 
to a depth of 150 feet. This incline, and all of the workings connected with it, are 
now inaccessible. At a point about 200 feet south of the old incline a vertical 
shaft was sunk to a depth of 260 feet and the quartz body was then mined in 
levels from that point. The ore, however, dipped so sharply in a southeasterly 
directioL that it was soon carried beyond working distance from the shaft, and a 
new incline was opened on a 200-foot level. This followed the ore in a direction 
S. 64^ E. and dipped at an average angle of 40-. This incline had attained a depth 
of something over 300 feet vhen the mine was abandoned. 
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The surface workings of the Clover Leaf mine comprise two open cuts con- 
nected by a tunnel. One of these is 120 feet slightly west of north from the shaft; 
the other about 50 feet farther west. In the first or principal cut is exposed a 
ledge of iron-stained quartz 5 to 6 feet in thickness, and roughly parallel to the 
lamination of the schist. It strikes N. 55^ W., and dips about 60'^ to 70"^ SW. 
This quartz ledge was followed downward along the dip, and increased greatly in 
thickness to the southeast. The inclosing schists and slates, as well as the quartz of 
the ore body itself, are heavih^ impregnated with pyrite, which at the surface is in a 
highly oxidized condition. 

From the surfax»e to a depth of 300 feet extends a large inclined stope. 
Through this one may descend as far as the 250-foot level, beyond which water has 
rendered the workings inaccessible. A horizontal section of the quartz bodv, as 
exposed on the 250-foot level, has the appearance of the letter U, with slightly 
flaring arms. The apex of the U strikes S. 64^ E. ; the northern arm, N. 40° W., 
and the southern, S. 75 - W. The slates curve over the roof and conform to the 
strike of the quartz body, appearing on both sides of the northwesterly and the 
southwesterly arms. They are not, however, exposed in the floor of the s*"ope, from 
which the quartz has not been completely excavated. Both arms of this quartz 
mass, when followed out from the crest of the eastwardl}' dipping anticline, become 
much narrower than the main quartz body. The northwesterly has an average 
width, where exposed, of 20 feet: the southwesterly, about 10 to 12 feet, narrowing 
as it is followed along the strike. 

RELATIONS TO SUUFACK GEOLO(JY. 

At a point along the railroad switch, 1^5<> feet in a direction N. 88° W. of the 
shaft, the lamination of the schists strikes almost oa^st and west with a southerh' dip 
of 44^. This dip and strike seem to prevail along the railroad cut for about 500 to 
600 feet, but as one approaches the open cut the dip becomes steeper, and the strike 
has turned to a direction N. 58^ W. On the north side of Elk Creek, 800 feet 
noith of the shaft, is a prominent exposure of schist, and here the dip is 53° toward 
the northeast, and the strike N. 15 W. The same strike seems to prevail to the 
northeast of this point. Agjiin, directly south of the shaft, and about 800 feet 
distant, the lamination of the schists strikes N. 85^ W., and dips about 45° SW. 
All of these observations, when considered together with those made underground, 
are strongly suggestive of the presence of a southeast wardly dipping anticline, at 
the crest of which lies the thickest portion of the ore body. The narrower arms 
would then extend outward, and coincide with the dip and strike, as indicated on 
the sketch map. 

There is a striking resemblance between this ore l>ody and the so-called saddle 
reefs of Australia. 
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Owners and operators have indulged in some speculation as to the probable con- 
nection of this ore body with that operated by the Honiestake Company in Lead. 
The distance between the two is slightly over 7 miles. The strike of the Honiestake 
ore body is approxhnately N. 34^ W., and this, if (extended, would pass a little less 
than 2 miles west of the Clover Leaf mine. The two mines may perhaps be situated 
on the same general zone of minemlization, but no conclusions regarding the value 
of the intervening country can be based upon such speculation. 

The mine is singularlv isolated from regions of igneous activity, the nearest 
outcrops of porphyry being about a mile distant. In the mine itself this rock 
is entirely absent. 

CHARACTER OF THE ORE. 

The gossan is a ledge of rusty, iron-stained quartz, nnich fractured and 
bearing, in hand specimens, no ti-aces of a sedimentary origin. The inclosing rocks 
are chlorite, hornblende, graphitic schist, and mica-schists of endless variety. 
These likewise are much stained with iron. At greater depths, however, the rusty 
stains gradually give place to a heavy impregnation of pyrite, both in the quartz 
mass and in the inclosing schists. 

The gold in the quartz is free and almost invariably associated with galena. 
A specimen taken from the famous pay streak of the mine, which occurred in the 
thickest portion of the quartz body as it was followed downward to the south- 
east, shows a three-eighths inch streak of galena, in a matrix of milky white 
quartz. In this streak, and completely surrounded by galena, occur nugget-like 
and irregularly rounded masses of gold, some of them attaining a diameter of 
one-fourth of an inch. Throughout the entire quartz mass of these specimens arc 
scattered isolated patches of galena, in the center of which could generally be 
detected a small speck of gold. These smaller masses of gold frequently showed 
crystal faces. 

The average value of the ore is stated to have l)een from $40 to 5^00 to the 
ton, the silver contents being so small as to l>e generally disregarded; a factt 
which is rather singular in the presence of so much lead. 

COPPER ORES. 

There have l)een found at several localities within the schist areas small deposits 
of copper. One of these is on the east side of City Creek, near the crest of the hill 
north of Deadwood. The country rock is a black graphitic schist, in places highly 
siliciiied, and in the crevices of this schist occur thin films of native copper. They 
are scattered through the lock mther sparsely, and occur in patches without regu- 
larity, the copper having probably been reduced by the action of the graphite on 
copper- bearing solutions. 
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On the crest of the divide between Whitewood and Yellow Creek there is a 
small prospect in w^hich the quartz-schists and laminated Algonkian quartzites are 
heavily stained with malachite and a little azurite. Patches of unaltered tetrahedrite 
also occur. The deposit is small and extreme^ local. Other areas of schistose 
rocks jn the vicinity of liochford and a few reported from the southern hills show 
quartz and schists through which is scattered chalcjopyrite mingled with pyrite. 
The average percentage of copper is verv low. 

As copper ore is used in the smelting of the refractory siliceous ores, later 
discussed, these deposits have given rise to some excitement, but none of them 
has yet proved to be of sufficiently high grade nor uniform occurrence to be profit- 
ably worked. If found in large enough bodies the concentration of the chalcopyrite 
might be carried on with some profit on account of the expense of importing copper 
ores, but as there is no detinite knowledge as to the length of time that the refrac- 
tory siliceous ores will continue to be productive, the exploitation of copper deposits, 
unless in extremely large and uniform bodies, should be carried on with great 
caution. 

TIN ORE8. 

Tin has been known to occur in the southern hills since 1876, when attention 
was first called to it by Richard Pearce, who had detected it in some gold dust sent 
him for examination; but its presence in the Nigger Hill district does not seem to 
have been appreciated until the discovery of tin at the Etta mine (originally a mica 
mine) in 1888. This discovery stimulated the search for other deposits, which 
resulted in several finds in the vicinitv of Nigger Hill and Sand Creek and the pros- 
ecution of quite a little development work. The enormous expenditure of capital 
and the collapse of the tin enterprise in the southern hills, however, brought all 
operations for the exploitation of tin ores to an abrupt termination. Since that 
time but for a few ineffectual attempts to interest capital in these deposits little 
or no work of any kind has been attempted. At present writing, however, the 
writer is informed by Mr. W. S. Tangier Smith that there has been a renewal of 
activity in the prospecting in and about this northern district. 

In general. Nigger Hill comprises a central area of crystalline Algonkian rocks 
and intruded porphyries of probable Eocene age, from which the sedimentary rocks 
of Cambrian, Silurian, and Carboniferous age dip away in all directions — a repetition 
in miniature of the main Black Hills uplift. For this general uplifted region the 
name Nigger Hill is frequently used; but more correcth'^ applied, it indicates a 
slightly elevated ridge of limited areal extent situated between the headwaters of 
Sand Creek and Bear Gulch. It is on this ridge that the m«>st extensive bodies of 
tin-bearing granite have been found. The country rock throughout the major 
portion of the uplifted area is prophyry of Tertiary age, which has been intruded 
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into the Algonkian rocks in such extensive masses as to liave left only small portions 
of them exposed. Of these remaining portions perhaps alx)ut one-half is crystalline 
schist, the x)ther half being irregular, lenticular masses of a coarse, pegmatitic 
granite which is composed of feldspar (orthoclase or albite), muscovite, and quartz. 
Both granite and schist, as well as the acidic types of porphyry, are cut by Imsic 
dikes. The granite masses trend in a general north- northwest direction. The 
largest of them lias been found on Nigger Hill. It is completely surrounded by 
porphxT}', being more in the nature of an inclusion in the intruded poq^hyry than a 
lenticular mass in the Algonkian schists. The exact form and character of this, as 
well as the other gmnite masses, has not been determined, for the country is heavily 
cloaked by vegetation and the mines at the time of examination were completely 
inaccessible. 

The cassiterite occurs in two forms: (1) In the pegmatitic granites and (2) as 
stream or placer tin, which has been derived from them. 

In the first mode of occurrence it is found in irregular grains, which range from 
one-eighth to one-half inch in diameter. The grains are most frequently without 
crystal faces, but occasional large and fairly perfect crystals liave been found. 
They are most frequently embedded in the white feldspar which fomis the major 
portion of the granitic matrix, but they also occur in those portions of the granite 
which consist almost entirely of quartz and mica. No spodumene has yet been 
reported, but columbite and tantalite have been detected both in the lode ores and 
in the stream tin; some tourmaline and wolframite are also found. 

While it has not been possible to form any very satisfactory idea as to the exact 
character of these deposits, it seems probable that the}' were formed contemporane- 
oush' with the granites in which they occur. 

Whether these ores may or may not be profitabU' worked is a question which 
only extensive exploration will determine. The percentage of tin in the rock is 
small, probably not exceeding 2 per cent," and the distribution of the cassiterite in 
the rock is extremely irregular, so that a profitable exploitation at one time might 
readily become a losing enterprise at another. If operatt^d upon a small scale it is 
possible that these ore bodies may \ye successfully worked. 

STREAM TIN. 

The stream tin which occurs in some quantity in the gulches in this region has 
occasioned much annoyance to the miners in their gold panning since the early seven- 
ties. It was, as Doctor Car|)enter describes, known as ''iron'- until 1883. Many, 
attempts have been made to work these gravels and with some success, but no exten- 
sive shipments have been made. The tin occurs in subangular fragments, which 

« Blake. W. I».. Trails. Am. Inst. Mln. Eng., vol. 13, p. 691. Carpenter. F. R., Trans'. Am. Inst. Mln. Eng.. vol. 17, 
p. 572 et siM^. Headden, W. P., Proc. Colorado Sci. Soc., vol. 3, pp. 347-a'JO. 



CHAPTER II. 

ORE DEPOSITS IN CAMBRIAN ROCKS. 

The ore deposits in Cambrian rocks are second in importance only to those of 
the Algonkian. They have of late years produced heavily, and have closely approxi- 
mated the Homestake mine in their aggregate output. They may be subdivided 

as follows: 

i Gold-bearing conglomerates. 
Refractor}' siliceous ores. 
Pyritous ores. 
Tungsten (wolframite) ores. 
Lead and silver ores. 

GOI.D AXD SIIiVER ORES. 

GOLD-BEARING CONGLOMERATES. 
GENERAL STATEMENT, 

At the base of the series of Cambrian strata, which lie unconformably upon 
the upturned metamorphic schists of the Algonkian, a conglomemte is usually 
present. It varies in thickness from a few inches to more than 30 feet. At a few 
localities it is entirely absent, but in general is so prominent a feature of the 
series that it has been recognized as a separate formation. Throughout the larger 
number of areas where the Cambrian strata yet remain uneroded this conglom- 
erate is characteristically about 3 or 4 feet thick and passes upward into a hard, dense 
quartzite that has a vertical range of from 15 to 30 feet, the conglomerate itself 
being often cemented by more or less indurated sandstone of a quartzitic nature. 
It is present in this development in the vicinity of Bald Mountain, Grarden, Wood- 
ville, and many other plac^es. There are, however, two localities where it attains 
an unusual thickness. The first is known as ' ' Cement Ridge," and is on the west side 
of Speartish Canyon; the second is the region in and about Lead. In the latter 
locality only it is auriferous and has yielded large amounts of gold. The conglom- 
erate here has a thickness of from 2 to 30 feet and lies at the base of small outliers 
of Cambrian strata that remain upon the summits of divides. The region is one of 
prevailingly Algonkian rocks, into which streams have carved deep and irregular 



QOLD-BEARTNG CONGLOMERATES. 99 

gorges. The conglomerate is overlain by cross-bedded beach sands and quartzites, 
which are in turn conformably overlain by the higher members of the Cambrian 
series. It is underlain unconformably by metamorphic schists and slates. In these 
underlying Algonkian rocks is a great minei-alized zone of relatively indurated 
character, which strikes approximately N. 34^ W. — almost parallel to the lamination 
of the schists. This zone was probably a reef in the old Cambrian sea at the time 
of the deposition of the conglomerates, as it offered more resistance to erosion 
than the encompassing schists on account of the hardness imparted to it by pre- 
Cambrian mineralization. Upon this zone are the workings of the Homestake, 
Father de Smet, Deadwood-Terra, and Columbus mines, and about it are the 
productive portions of the auriferous basal conglomerates of the Cambrian. They 
are five in number; one, comprising the Durango and Harrison mines, is west of 
the Homestake lode near its southern extremity; the other four, east and north of it, 
include the Hawkeye, Monitor, Gold Finch-Gentle Annie group, the Bobtail Gulch 
groups, and a fifth mine on the divide between Deadwood and Blacktail gulches 
(see PI. VI, p. 214), The gold-bearing conglomerate occupies depressions in the old 
Algonkian surface, but thins out to nothing along the strike of the Homestake lode, 
where the higher me.asures of the Cambrian lap over onto the mineralized rocks of 
the Algonkian. A general downward inclination of the Algonkian surface toward 
the northeast also exists, but as this corresponds to a northeastward dip in the Cam- 
brian it is probably due to later distortion of the Algonkian surface. Beyond the 
limits of the area in which this thick, gold-bearing conglomerate occurs the basal 
Cambrian conglomerate becomes very thin and quartzitic. It is impossible to give 
the exact boundaries of its original extent on account of the dissected nature of 
the areas now remaining. Lithologically this auriferous conglomerate is formed of 
rounded waterworn pebbles of quartz or Algonkian quartzite with an intersprink- 
ling of schist fragments which seem to decrease in abundance as one proceeds 
farther from the Homestake lode. It may be at once distinguished from the non- 
gold-bearing portions of the basal conglomerate, as it is cemented by either oxide of 
iron in the weathered portions or by pyrite when it has not suffered alteration. 
The nonauriferous conglomemte, on the other hand, has always a quartzitic, or in 
rare instances a slightly calcareous matrix. The pyritic cement occurs in all the 
productive areas except one, and as all degrees of oxidation are present it can be 
assumed that the matrix of all of the gold-bearing conglomerate was once pyrite. 

Much of the gold in the richest conglomerates is detrital, as proved by its water- 
worn condition and Its concentration near the bed rock. This gold waa derived 
undoubtedly from the erosion of auriferous lodes in the Algonkian rocks and was 
mechanically deposited in depressions along the old Algonkian shore line. Some of 
the gold was dissolved by ferric sulphate resulting from the oxidation of the pyrite, 
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and from this solution was redeposited in thin films in the schists below. This has 
also produced an enrichment of the lowermost layers of conglomerate. In addition 
to these it is possible that gold was introduced with the pyrite that once formed a 
large portion of the matrix of the pebbles. To determine this, careful assays were 
made in the only productive area now completel}" accessible — that which includes the 
Gentle Annie, Monitor, Gold Finch, and Ilawkeye mines. The mode of occurrence 
may be seen in PI. XVIII (p. 214). It was found that along definite lines in the 
center of the stopes there were values of from $5 to $12 per ton in the con- 
glomerate, while at a distance of from 10 to 100 feet from such lines the values 
sink to between $1 and ^2 per ton. Iron-stained fractures are found in the roofs 
of these stopes. A possible inference is that the gold which has low and fairly 
uniform values distributed through the mass is of detrital origin, and that the 
additional values have been introduced into the conglomeratetogether with the pyrite 
along zones of fracture. This is rendered still more probable by the fact that much 
of the gold does not yield to simple amalgamation, the conglomerate being treated 
largely by the cyanide process. The introduction of the pyrite was subsequent to 
the deposition of the conglomerates, since mineralization extends into fractures in 
the quartz pebbles. The pyrite is probably a replacement of the original cementing 
material, which elsewhere consists of quartzose sands. 

Intrusions of rhyolite cut the conglomerate in some places. They are much min- 
eralized with pyrite, which is thought to be of post-intrusive origin. This would 
place the pyritic mineralization subsequent to the rhyolite intrusion. 

These gold-})earing conglomerates must have been either of fluviatile or of 
littoral origin. All of the evidence is in favor of the latter view, for (1) the rocks 
immediateh' above the conglomerates contain marine fossils and were unquestiona}>ly 
deposited in an extensive Cambrian sea; (2) the area covered by the heavy conglom- 
erates is very small and quickly passes in all directions into regions where finer 
material with marine shells shows that the conditions were marine; hence, a land 
surface sufficient to support a drainage (extensive? (^nough to deposit such heavy 
conglomc^rate could hardly have existed; (8) cross-bedded sands and quartzites were 
deposited ui)on the conglomerates with perfect conformity so that they are to be 
consider(»d as an integral part of a typically marine series; (4) conglomerate is absent 
from the outcrop of the Homestake lode which must then^fore have projected above 
the old pre-Canibrian surface; (5) schist fragments, such as could only have been 
preserved near th(» source from which they originated, decrease in abundance as one 
proceeds outward from the Homestake lode. While, therefore, these were littoral 
deposits they were exceptional in that they were not uniformly deposited along the 
shore, but were confined to the vicinity of the outcrop of a large gold lode, and the 
detrital material from that lode was held in irn^gular depressions in the submarine 
surface in its vicinit3\ 
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The points in which the views herein expressed differ from those of previous 
writers are: (1) The recognition of pyrite as once the matrix of these auriferous 
gravels; (2) the reference of a considerable portion of the contained gold to the 
action of mineralization long subsequent to this deposition. 

DETAILED DESCRIPTION. 
LITERATURE. 

In the only previous description of these basal conglomerates or '* fossil 
plax^ers,"" as they have been termed, W. B. Devcrcux'* has described in a general 
way their geological occurrence and the manner in which the gold is present in 
them. Since gold-bearing conglomerates as features of sti'ata of very early geo- 
logical periods have nowheie else been found, this paper has been widely quoted 
in many publications relating to mineral deposits. Since its publication many of 
these mines have been worked out and are now in most cases abandoned, so that 
they afford but poor facilities for investigation. In not a few cases, however, 
examination has been possible and several important features not observed by. 
Devereux have been noted. Devereux's paper is too long for complete cita- 
tion at this point, but a short statement of the main facts and the conclusions 
deduced is given below. For further detail the reader is referred to the original. 

In the vicinity of the Homestake vein in the Black Hills are a series of 
detached areas of Cambrian strata with bods of conglomerate at the base and 
resting unconformably upon metamorphic schists, from which the materials 
requisite for the formation of the conglomerates have been deiived. They 
consist of quartz, pebbles, and schist fragments, with frequent hematite bowlders, 
and are cemented by oxide of iron, but in some instances take on the chamcter 
of a breccia. They contain gold and have been extensively mined, most of the 
productive deposits being found on the east side of the Homestake lode; a single 
deposit occurs on the west side. The Algonkian surface upon which they rest is 
slightly undulating and slopes away from the Homestake lode in a northeasterly 
direction, at an angle of about 10^ and nearly perpendicular to the the strike of 
the Homestake lode, so that the Cambrian sediments form a wedge thinning out 
to nothing on top of the Homestake lode, where the cap of rhyolite comes in 
contact with the vein matter itself. This proves that the thinning was not due 
to subsequent erosion. Toward the east this wedge-shaped mass becomes much 
thicker. A section (fig. 12) is given to illustrate this. The richest deposits were 
mined from the divide between Deadwood and Blacktail gulches. The gold was a 
mechanical deposit of water-worn scales and "shot" gold, richer near the base of 
the conglomerates, so that only the lower 5 or 6 feet paid for milling and mining. 

a Trans. Am. Inst. MIn. Eng., vol. 10, pp. 465-475. 
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Local channels and depressions in the Algonkian surface caused concentrations 
and enrichments, but the richest portions were 'sometimes found a little to one 
side of the center of depressions, as if caused by wave action. Alternations of 
rich and poor material occurred, due to currents. The gold was in a finer state 
of division than that in the Homestake vein and carried less silver; probably on 
account of the solution of silver by sea waters at the time of deposition and the 
solvent action of the ferruginous solutions that formed the matrix of iron oxides 
that cements the pebbles. Intrusions of porphyry produced heat that later 
assisted this solution. The proof of this is that the gold near the porphyry was 
either completely dissolved out of the conglomerate or exhibited a pitted surface 
due to solvent action. The gold was almost always coated with a film of iron 
oxide. A further proof of the solvent action of the waters on the gold is that 
it is often chemically precipitated in thin, continuous films in the schists below the 
conglomerates. Placers of recent formation occurred in Dead wood and Blacktail 

gulches, and were 
formed by the disin- 
tegration of the fossil 
placers above and, 
with the exception of 
Blacktail Gulch, by 
additional accessions 
from the erosion of 
the Homestake ledge. 
Cement gold yields 89 to 93 per cent extraction by free-milling methods. He 
then concludes as follows: 

'*If we now endeavor to group together the facts noted above, it does not seem 
a difficult undertaking to form a history which shall give a i-ational account of the 
successive geological changes which took place. First, we have the proof that the 
gold grains and the contained gold were in existence, in much their present condition, 
prior to the Potsdam period. Then, we have the Potsdam seas washing away the 
debris resulting from the disintegration of the quartz veins, and depositing it in 
deeper water in accordan(»e with its various specific gmvities. At the same time the 
gradual wave action carried the gold to the bed rock in the sam^ manner that it is 
settled in a miner's pan. The Homestake vein, by reason of its greater durability, 
formed a reef or low island which never became deep!}' submerged. After a time 
these sediments became insular, and as such remained undisturbed, gradually becom- 
ing cemented into rock until the recent eruptions of porphyry took place causing 
intense local metaphoric action. The gold, which up to this time suflered perhaps 
loss in silver only, now became itself partially dissolved where the solvents were 
sufficiently powerful, and was again at least partially precipitated as thin films in 
the schist> below. 

'••Once nioie a period of rest occupied the time until the erosive action of fresh- 
water streams cut through the upper strata and began to disintegrate the matrix of 
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FlO. 12.— Approximate geological Rection from Homestake eastward. (After \V. K, 

Devereux.) 
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the gold and afforded material for a new concentrating process. Disintegration and 
concentration has been going ofi until now, when the hand of man has hastened the 
work of nature. 

''This gold from the conglomerate, which found its way down the slopes to the 
gradually lowering bottom of Deadwood Gulch, was joined with new supplies brought 
from the Homestake vein through lateral gulches, and the result was the great Dead- 
wood placer. That in Blacktail Gulch, however, received no new accession and 
remained a placer, which had received its gold entirely from the Potsdam sediment." 

The remainder of the paper is devoted to the refractory siliceous ores and does 
not concern the present discussion. 

LOCATION. 

The area in which the auriferous conglomerates occur is a restricted one, 
embracing only a little over 2 square miles, extending from the southern edge of 
Lead northward to the northeast side of Blacktail Gulch. The accompanying map 
(PI. VI, p. 214) shows the location and extent of* the area, also the distribution 
of the gold-bearing conglomerate. 

TOPOGRAPHY. 

After the erosion of the cover of Paleozoic sediments which formerly overlay 
the region streams trenched deep and irregular gorges into the schists, slates, and 
quartzites of the Algonkian. The deepest of these is the gorge, Deadwood Creek, 
which flows toward the east about a mile north of Lead and empties into Whitewood 
Creek at the city of Deadwood. Through Lead a parallel gulch of less depth, 
known as Gold Run Gulch, extends toward the town of Pluma, where it empties 
into Whitewood Creek. Poorman Gulch is a transvei*se valley that runs northwest 
into Deadwood Gulch upon the west side of Lead. Blacktail, Sawpit, and Treasure 
gulches, join Deadwood Gulch from the northwest. Bobtail Gulch and a corre- 
sponding valley on the south side of the divide that intervenes between the two 
first-named streams empty into Deadwood Gulch and Gold Run Gulch, respectively. 

I 

GEOLOGY. 

ALGONKIAN. 

As the Algonkian rocks have been described in detail in the foregoing pages 
they will not be again referred to here except with reference to the Homestake 
ore body. 

The Homestake ore body consists of a series of broad lenticular masses of 
Algonkian rock in part silicified and impregnated with pyrite. It forms a broad 
band in the schists of an average width of 150 (?) feet and strikes about N. 34^ W., 
approximately following the schistosity of the Algonkian series. 

Taken as a whole thib ore body forms a long zone that pitches in a general way 
toward the southeast and has, on account of the induration imparted to it by 
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mineralization, \yeen much more resistant to erosive action than the inclosing rocks. 
For this reason it probably formed at earh' geologic periods a prominent feature in 
the old pre-Cambrian surface. 

CAMBRIAN. 

Upon the crests of the Algonkian divides that separate the streams above 
des^^ribed rest small detached area*^ of Cambrian strata. The pre-Cambrian surface 
was of an undulating character, and in the depressions of this surface lie the thickest 
and richest portions of the auriferous conglomerate. Passing vertically upward 
from the Algonkian the conglomerates are overlain by fine-grained, cross-bedded, 
and now consolidated beach sand containing many scales of mica, some argillaceous 
matter, and little, if any, carbonate of lime. These in turn pass into quartzite, often 
cross-l)edded and containing subsidiary layers of conglomemte, none of which attain 
any considerable thickness. Still above the quartzite are beds of variable width, 
composed of a banded, somewhat impure dolomite of crystalline texture, now stained 
red and yellow b}' oxide of iron. Above this in turn lie argillaceous and often 
slightly glauconitic shales. Over the shales is a heavy cap of fine-grained rhyolite, 
which is often connected with dikes that extend upward from the Algonkian through 
the Cambrian. The regularity of sequence is interrupted by two disturbing condi- 
tions. First, the rhyolite cap often takes a slightly downward flexure so as to cut 
out much, if not all, of the Cambrian rocks; and, second, the higher portions of the 
pre-Cambrian surface rise so that conglomerate, beach sand, quartzite, and finally 
dolomite and shales lap over onto the Algonkian measures. 

DISTRIBUTION OF THE CONGLOMERATE AREAS. 

On the divide west of the Homestake outcrop and between the heads of Poor- 
man and Gold Run gulches is a broad trident-shaped area of Cambrian strata with 
its threes prongs extending eastward along the tops of the ridges between Bobtail 
and Homestake gulches. The northern arm lies above the De Smet cut, and its 
connection with the main area has been severed by erosion. The central arm is 
capped by a remnant of rhyolite sill, mentioned above, the porphyry forming three 
elevated knolls connected by a narrow ridge of the same rock. The Cambrian is 
here very thin, and the basal conglomerate is almost entirely absent, the dolomitic 
shales b<»ing separated from the schists by only a small 6-inch layer of pebbles. The 
southern arm is short and broad and is interrupted by a rhyolite sill and capped with 
a remnant of the same rock. The rhyolite has been eroded from the main area with 
the exception of two small outliers. Along the western edge of this area the con- 
glomerate is from 4 to G feet thick, but increases toward the southeast to 15 feet; 
thence it pinches out so that the dolomitic beds lap over onto the western side of the 
Homestake outcrop. At the head of Homestake Gulch the conglomerate is absent 
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upon it there are three large mines — the Monitor, at the head of the ^mall gulch 
which connects with Bobtail; the Gentle Annie, at the head of a northwardly flowing 
stream that joins Deadwood Creek, and the Hawkeye, which comprises a large set 
of workings on the southeast side of the ridge. These mines have been operated 
upon a bed of conglomerate ranging from 2 to 12 feet in thickness, and lying in 
irregular channel-like depressions in the Algonkian, from which the rocks of that 
series rise sharply to the west and more gradually toward the east. The larger 
portion of the conglomerate is cemented by pyrite. The Monitor workings com- 
prise large stopes, often more than 100 feet in width, and sometimes over 12 feet in 
height. In the Gentle Annie mine a sill of porphyry underlies the greater portion 
of the conglomerate and gradually rises toward the south. The gold in these mines 
occurs along definite lines and usually beneath an even bed of loosely compacted, 
slightly argillaceous sand. In the roof of the stopes many intersecting fractures 
can be observed, but their directions were not accurately determined. 

The third productive area is situated upon the northeastwardly sloping 
Algonkian surface of the divide between Bobtail Gulch and Deadwood Creek. In 
the vicinity of the Deadwood-Terra mine this conglomerate partakes of the nature of 
a breccia. It is all of the oxidized variety and the pebbles are imbedded in a matrix 
of iron oxides. It comprises three mines — the Deadwood-Terra mine, nearest to the 
Homestake ore body; the Omega mine, lying to the northeast, artd the Pinney open 
cut, which has been excavated from the very narrowest part of the divide upon a 
portion of the conglomerate which was exposed at the surface, but has now been 
completely removed. 

North of Deadwood Gulch, and on the divide between it and Blacktail Gulch, is 
the fourth and richest area of gold-bearing conglomerate. Upon this area there were 
opei-ated three mines — the Baltimore and Deadwood on the extreme eastern' end of 
the divide, the Esmeralda upon the north side a little to the west of the Baltimore 
and Deadwood, and the Hidden Treasure mine on the western edge of the area. 
None of these mines is now accessible, but the conglomerate in the Hidden Treasure 
mine is reported to have yielded extremely large amounts of gold. The Algonkian 
surface slopes upward gradually toward the northwest, and is reported to have finally 
encountered a northeastwardly trending rise, which cuts out all but the upper 
measures of the Cambrian series. The conglomemte at this point is not now to be 
seen, but is reported ds of great thickness. 

The fifth area is on the north side of Blacktail Gulch, northeast of the last 
named. It comprises the Minerva and the Dead})roke mines. From the tunnels of 
these two mines, which run northerly from the base of the hill slope, the Algonkian 
surface slopes sharply downward toward the northeast. At the entrance most of the 
conglomerate is cut off by a capping of rhyolite which comes completely down to the 
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Algonkian, but it thickens to more than 22 feet at the northern end of the mines, 
about 600 feet northeast from the enti*ance. Part of the conglomerate in the 
Minerva mine is still in an unoxidized or pyritic condition, but the larger portion 
of it is cemented by iron oxides. 

Of these five productive areas the richest was that upon the divide betTween 
Deadwood and Blacktail gulches. Some of the conglomerates taken from there, 
according to Devereux, yielded $50 per ton.** Ore from the Pinney open cut, on the 
divide between Bobtail and Deadwood gulches, is also reported to have been very 
rich, and likewise some of that taken from the Deadwood-Terra mine. That from 
the area east of the Caledonia open cut was characteristically lower in gold contents. 
That on the northeast side of Blacktail Gulch does not, as a rule, yield more than $4 
per ton, while in the Durango, on the west side of the Homestake vein, it is also of 
low grade. 

LITHOLOGICAL COMPOSITION. 

The gold-bearing conglomerate is composed, as stated by Devereux, of the 
debris derived from the disintegration of the Algonkian rocks. Rounded, water- 
worn bowlders and pebbles of quartz and laminated quartzite are the most common, 
and range in size from one-half of an inch to 1 foot in diameter. The larger ones 
are not very frequent, and a fair average size for the majority of pebbles is probably 
from li to 3 inches. Many smaller and many larger ones occur, but they are insig- 
nificant in number. Fragments of schist, often 3 or 4 inches in length and more or 
less rounded, occur intermingled with the other pebbles, but they are not abundant. 
They occur with greater frequency in the Omega and Hawkeye-PIuma mines than 
in the Deadbroke and Minerva — that is, they are in greater numbers near the old 
shore line from which they were derived. Devereux mentions many pebbles and 
bowlders of hematite, but none were observed by the writer. Between the pebbles 
and schist fragments are many small, rounded grains of waterworn sand, scales of 
mica, and smaller pebbles. The whole is cemented together b}' material which, in 
the gold-bearing areas, is in large part either pyrite or iron-oxide, while the non- 
gold-bearing portions are cemented by a quartzitic matrix. 

PYRITIC CONGLOMERATE. 

When the matrix is pyritous the conglomerate is extremely tough and breaks 
with difficulty. The spaces between the pebbles are often incompletely^ filled, so 
that cavities are left in the pyrite with their interiors coated with drusy crystal 
of the same mineral. Such cavities as this are frequently encountered in mineral 
deposits formed b}^ the replacement of one mineral by another where the aggregate 
volume of the material introduced is less than thkt removed. They may be considered 
an important proof of replacement action. Extensive bodies of this pyritic con- 

a Trans. Am. Inst. MIn. Eng., vol. 10. p. 468. 
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glomerate are found in the Pluma, Monitor, and Gentle Annie mines and isolated 
patches occur in the Minerva mine on the north side of Blacktaii Gulch; also 
in the Durango mine on the west side of the Hom(»stake lode. In other words, 
all of the areas wh«»re the auriferous conglomerate has been mined show greater 
or less amounts of an unoxidiz(»d pyritic matrix, the single exception being the 
Deadwood-Terra-Pinney area, }>etween I^btail and DeadwocKl gulches, where the 
cement is wholly limonitic. This pyritic matrix was not observed by Devereux, 
probably on account of the limited amount of d«»velopment attained at the time 
his obs<»rvations were made. 

C<)N(iL<)MEKATE CEMENTED BY IRON OXIDE. 

Of the gold-bearing conglomemte already mined probably four-fifths of the 
total bulk has been oxidized. This oxidized conglomerate has a cement of iron 
oxide, sometimes exhibiting cavities, but most frequently constituting a moderately 
hard, uniform material of reddish to dark-brown color. In cases where oxidation 
has gone very far, the conglomei'ate is loosely comimcted, but in general blasting 
is necessary to remove it. In places it has been resilicified by waters that have 
penetrated it along lines of f nicture. 

The continuity of these conglomenites is frequently interrupted by beds of 
quartzite, often cross bedded and containing subsidiar\^ layers of pebbles; also 
by bands of loosely consolidated somewhat clayey sand in thin flaggy layers, 
which contain many scales of mica. Such interruptions are alwa^'s accompanied 
by a decrease in the gold contents. In places quartzite beds become so abundant 
that the conglomerate gradually dwindles to nothing. Again, there may be two 
beds of coarse, ferruginous conglomerate separated by a parting quartzite. In 
general, however, the gold-bearing portions of the conglomerate lie in more or 
less channel-like depressions, and a transition laterally into quartzite and sand 
layers, where seen, is accompanied by a rise in the Algonkian surface. 

ALTERATION OF THE TONGLOMERATE. 

There is little question that the matrix of all of these ores was at one time 
pyritic, for pyrite is still present over extensive areas. It disappears gradually as 
one passes into the oxidized material occurring in isolated patches in all but one of 
the areas of oxidized conglomerate. 

The process of oxidation is still going on in many places. In the Pluma mine a 
drift had been run through completely fresh pyritic conglomerate and was left for 
some years. The w^alls are now coated with a thick layer of glistening crystals of 
melanterite, many of them of singular beauty and perfection. A fine whitish-green 
layer of the same mineral is often present and may be identified by its slightly acrid 
taste. This indicates that ferrous salts are the first to form in the oxidation of the 
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pyrite, and such is in accord with recent investigations by Dr. H. N. Stokes. As 
will be later apparent, these sulphur-iron compounds have an important bearing 
upon the solution and reprecipitation of a portion of the gold. 

THE CONTAINED GOLD. 

The gold is known to occur in two conditions: detrital gold and chemically 
re precipitated gold; in addition much of it ma}'^ have been introduced with pyrite. 

MECHANICALLY DEPOSITEp (iOLD. 

Apparently the detrital gold was in the early developments the most important 
source of value in the ores. Of it Devereux remarks:^ "'The gold had all the 
characteristics of 'placer' gold and was generall}^ what is called 'shot' gold, or 
smooth, rounded grains slightly flattened. I observed one nugget of nearly 3 
pennyweights in weight.'"* 

The writer has noted occurrences in which gold, such as that described, was 
found in considerable quantity. A nugget of about the size of the one men- 
tioned was seen embedded in the iron-oxide cement. It is well rounded and 
nearly one-half inch in diameter, and is of undoubted detrital origin. Man}^ fine 
scales, showing the characters of waterworn gold, may be seen in addition to the 
coarser grains. As a rule, gold can not bo seen in the conglomerate either in 
the sulphide or oxidized variety without the aid of panning. The distribution of 
this detrital gold through the conglomerate is dependent on two conditions: First, 
that of specific gravit}^; second, that of the alternations of rich and poor materials 
due to varying conditions of deposition. The gold occurred largely near the bottom 
of the conglomerate and not far from its contact \vith the schists. ''"In general," 
says Devereux, ''only 5 or 6 feet in thickness will pay for mining and milling.'" 
It is usually distri})uted more thickly at the bottoms of the stopes immediately over- 
lying the slates. Devereux remarks:^ 

'Mn general where conditions had been such as to allow the subsidence of other 
materials of high specific gravity the gokl was most a})undant, ordinarily with large 
quailz bowlders or with pe})bles of hematite. The latter were seldom found without 
gold being attachecl to them, the pebbles themselves having a smooth polish(»d surface. 
In general, the position of the gold was alwa3's su(^h as to point to its great specific 
gravity as the locating cause and not to solution or precipitation. In fact, the many 
curious positions in which I observed the gold were such that no satisfactory expla- 
nation could lie found except the one noted above. Upon one quartz bowlder, which 
had lain directly upon the schists, I found, after removing the decomposed talc from 
the bottom, that grains of gold of almost exactly the same size were arranged in 
ribbon-like layers in such quantity that half an ounce could probably have been cov- 
ered by the hand. Each grain of gold is generally covered with a thin coating of 
oxide of iron, which needs a blow to loosen it." 



aTnms. Am. In.st. Min. EnsT., vol. 10. p. 469. 
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It is to be regretted that the writer was unable to see more occurrences of 
detrital gold in these conglomerates, but the mines are now but little worked and 
such operations as are being carried on involve leaching in cyanide tanks, little or 
no free gold showing in the ore. The opinion of Devereux, however, as to the 
detrital nature of the gold is based on a wide range of observations made while 
engaged in mining work and may therefore be assumed to be accurate. Further- 
more, they are in accord with such observations and panning tests as the writer was 
able to make, and there seems to be no doubt that a large portion of the gold in 
these conglomerates, especially in the richer workings in the pyritic or oxidized 
condition, is of detrital origin and has been derived from the erosion of the Algonkian 
lodes. 

CHEMICALLY KEPRECIPITATED GOLD. 

A number of assays made b}^ Devereux seem to show that the detrital gold 
contains less silver than that in the neighboring lode ore deposits, and this is in the 
line of observations in other regions," placer gold generally being purer (containing 
less silver) than that occurring in veins. This is usually attributed to the greater 
solubility of silver over gold. Devereux supposes that the solution may have been 
due to the action of sea water at the time of deposition, or of later ferruginous 
waters. The former is possible but not susceptible of proof; for the latter 
Devereux himself cites instances where thin films of gold are present along the 
lamination planes in the schists below the conglomerate, and gives instances where 
as much as 10 feet of bed rock paid for mining and milling; the writer has also seen 
deposits in the Deadbroke mine where schists for a depth of 3 feet below the ore 
are reported to carry about $3 per ton in gold. Similar conditions are also said 
to obtain in other oxidized localities. Now, as has been shown, the matrix of the 
conglomerate is pyritic. As this was oxidized from the surface downward solutions 
of ferric sulphate would be formed by descending surface waters, which would take 
up in solution both gold and silver. As this ferric sulphate came in contact with 
pyrite the dissolved metals would have been precipitated, the gold more readily 
than the silver, owing to the superior solubility of the latter. Thus, the l>ottom of 
the conglomerate beds and the underlying schists would have been enriched by the 
reprecipitation of the gold, but the silver would have been carried farther. 

GOLD INTRODUCED WITH PYRITE. 

It is evident that the introduction of the pyrite into the conglomerates is 
the result of mineralizing action subsequent to deposition, for it occurs in fractures 
in the pebbles and contains cavities lined with crystals, such as may frequently 
be observed in replacement deposits. That gold was actually introduced with the 

a Trans. Am. Inst. Mln. Kng., vol. 9, p. 63<). 
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pyrite seems probable, but is hardly susceptible of definite proof. The facts 
bearing upon this point are as follows: In the Hawkeye-Pluma mine there is a 
stope 500 feet long in which large pillars have been left to support the roof. 
The conglomerate is from 5 to 8 feet thick and is largely oxidized, but passes 
into the pyritic variety at the north end. A series of assays made in this stope 
showed values of about $6 to $8 per ton confined almost entirely to the pillars, but 
no values in the sides of the stopes higher than $2 per ton, although in many 
instances there was little change in the character of the conglomemte. Two other 
stopes in this mine showed the same phenomenon. Fractures, stained with iron 
and somewhat silicified, occur in the sandy material that forms the roof. In this 
case the rock is richer where the pyrite is most abundant — that is, along the medial 
lines which appear to be lines of fracturing and hence channels for the admission 
of solutions. Unfortunately, it does not seem possible to determine what propor- 
tion of gold in the pyritic conglomerate is detrital or was there before the pyrite 
was introduced. There is also a possibility that some of the gold in the lower 
and unoxidized portions may be reprecipitated gold resulting from secondary 
concentration. 

REFRACTORY SILICEOUS ORES. 
GENERAL STATEMENT. 

Of all the ores occurring in rocks of later age than the Algonkian the refrac- 
tory siliceous ores have thus far been the most important factor in the gold pro- 
duction of the northern Black Hills. Their yield has increased rapidly and is now 
equal to about two-thirds of the output of the Homestake mine. They exhibit a 
very marked uniformity in occurrence and may be considered to be of rather 
unique character. 

These ores have been variously termed ''Potsdam gold ores" ^and "Siliceous 
ores," the latter name having prevailed more widely than the other in mining and 
geological circles. Of these the name "Siliceous ores " alone, based upon the minera- 
logical composition of the ore, is inapt, as it does not serve to distinguish the ores 
from others whose characteristic quartzose gangue is unaccompanied by reflectory 
character. Again, the term "Potsdam" is to be excluded, because the Cambrian 
rocks of the Black Hills region liave been recently proved to belong to an age earlier 
than the Potsdam. The term "refractory" is open to the least objection, in that 
amalgamation has proved uniformly unsatisfactory in the treatment of this class of 
ores. It does not, however, serve to exclude those ores of a more basic composi- 
tion which are of frequent occurrence. For the purposes of this paper, then, the 
term "refractory siliceous ores" has been adopted as expressive of the most strik- 
ing features of the ores and as least at variance with t'lie names now in use. 



a Trans. Am. Inst. MIn. Eng., vol. 27, 1897, pp. 404, 428. 
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The ores arc widely distributed over a broad, irregular l>elt extending from 
Yellow Creek on the southeast to Sc^uaw Creek on the northwest. This l)elt 
includes fivx» productive areas, which have been severally designated as the Bald 
Mountain area, Ijead area. Yellow Creek area. Garden area, and Squaw Creek 
area, the last named being little more than a prospect" and situated at the junction 
of Squaw and Speartish creeks.* 

The ore is an extremely hard, brittle rock, composed largely of secondary 
silica and carrying, when unoxidized, pyrite, fluorite, and other accessory min- 
erals. It occurs in flat, banded masses, in which the banding is continuous 
with the l)edding planes of the adjoining strata. These masses posseas a regular, 
channel-like form and follow zones of fracture that vary in their general direction 
in the different districts, but have a very unifonn trend in an}' single productive 
area. 

These channel-like ore l)odies are known as ••shoots" and have a width of 
from a few inches to, in rare instances, 300 feet. The length is in all cases many 
times greater than the breadth, and in one instance reaches nearly three-fourths 
of a mile. The vertical dimensions vary from a few inches to a maximum of 18 
feet. The average thickness is al>out 6 feet. The channels generally follow 
either single zones of fracture, which are parallel to th(»ir longer diameters, or 
broad areas of parallel or intersecting fracture. A series of typical cross sections 
of these ore shoots may }>e seen in PL XI (p. :^14). 

The country rock in which the ore occurs is a dolomitic limestone of tine- 
grained crystalline texture and varying, like the ore, in its degree of oxidation. 
It is termed '"sand r(M*k''' by the miners. In its fresh condition it is a dense, 
gray, crystalline rock showing innunn^rable small cleavage faces of dolomite and 
generally interrupted by liands of greenish-black shale of varying width. When 
oxidized it has a deep-red color, but presents th(» same glistening facets, while 
with very advanced alt<iration it passes into a red, earthy material termed ''gouge." 
Dolomite beds of this character have so far In^en found to contain ore bo<lies at 
two positions in the Cambrian series; the first }>eing inunediately over the basjil 
quartzite, from 15 to 5^5 feet above the Algonkian schists, and known as the "lower 
contact/' The second is from 18 to 3(> fec^t below the Scollthua^ or so-called ""worm- 
eaten'' sandstone that forms tlie top of tht* Cam})rian series, and is termed the 
''upper contiict." Othei* l)eds of dolomite occur at intervening levels and have 

"Ah thiH paper goes to prew the writer 1h In receipt of a pafKT liv C. C. O'Hami. in which this Squaw Creek area, 
>rherc the Cleopatra mine i>" situated. Im shown to have become a very iini>ortant producer since the writer vislti*d the 
region. 

''A sraall additional area in Sj)ruce <iulch htis been shown «>n tlie map, but the ores liere found are w.) much 
more basic, than the normal siliceous ore and are of such small im|:K>rtance that they are omitted from this 
diMii^ision. 
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produced a little ore at some few localities. They have been but little prospected; 
more extensive exploration may show them to be frequently mineralized. 

The beds that form the roof of the ore are generally shales of a more or less 
impervious character, or not infrequently sills of eruptive rock. 

The floor upon which the ore rest« is sometimes the basal Cambrian quartzite, 
but in many cases varying thicknesses of dolomite intervene between it and the ore. 
In such cases the widest portion of the shoot is directl}' beneath the impervious rock 
of the roof, the solutions having spread out and replaced the dolomite to the greatest 
distance along the under surface of the rock which checked their upward progress. 
In a few instances the ore lies on a floor of eruptive rock. On the upper contact 
the floor is either dolomite or shale. 

The grade of the ore is different for the separate productive districts. For 
the main or Bald Mountain area and for the Grarden area the average yield is 
about $17 per ton; for the Lead and Yellow Creek areas it is possibly $45. 

The ores are mainly ores of gold, but occasionally can*y quite high values in 
silver. 

DETAILED DESCRIPTION. 

LITERATURE. 

With three exceptions the literature relating to the refractory ores is of a 
very fragmentary character, such reference as is made to them being only incidental. ' 
The first of the three exceptions referred to is a paper by W. B. Devereux,<» entitled 
"The occurrence of Gold in the Potsdam Formation, Black Hills, South Dakota." 
This paper is mainly concerned with the auriferous conglomerates described in the 
foregoing pages, but includes a brief discussion of these ores, at that time but 
little developed and less understood. In this paper occurs the following description: 

44 « « « Several miles distant gold occurs in the same formation in considerable 
quantity, and with such characteristics as to justify its being classed as a chemical 
constituent. 

"This locality is known as Bald Mountain, and comprises an elevated area of 
several square miles, through which quite an extensive mineralization has taken place. 
The same geological features are here met with that I have already described; a base 
of schists, upon which are typical quartzites, from which the sedimentary character 
has been almost obliterated by metamorphic action. These are penetrated in every 
direction by porphyritic dikes, the overflow from which has, in places, formed high 
peaks. There is generally a small stratum of conglomerate next to the schist, but 
the sediments were generally quite fine. Through the area mentioned ores of gold 
and silver are quite common, although I do not know that their treatment haa proved 
to be a financial success. The ores seem to be impregnations, and not confined to 
veins with well-defined walls. In fact, true vein quartz is rare, and I am not sure 
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that I have seen any, although some of the quartzitc would be taken for quartz if 
examined without a knowledge of its occurrence. The silver occurs as chloride, more 
rarely native, and is confined to small fissures in the rock. Copper stain is also 
conmion. Gold occurs native, but in so fine a state as to be seldom visible. I have 
noticed it as a brown sponge in cavities in the quartzitc, and with no metallic appear- 
ance until compressed with a knife, when it immediately assumed the luster and color 
of gold. These cavities are very common in the quartzitc and are generally lined 
with quartz crystals. 

'•The ratio of gold to silver is variable, and ranges from a small percentage of 
the total value to half. Contimious bodies of rich ore seem to })e rare, although si)eci- 
mens giving high assays can easily be obtained. From its appearance the sponge 
gold described should be nearly pure, but I have never been able to test it. At the 
time of my observations, which was several years ago, the developments through the 
region were very limited, and 1 was unable to form conclusive opinions regarding 
the character of these deposits. Certain facts seemed to be pointed out: First, that 
the metallic constituents seemed to be segregated along certain stratii through which 
there seemed to have been less resistance to the passage of the mineral solutions; 
secondly, that in these planes there is a concentnition along certain vertical planes, 
which planes are contacts of the quartzitc with porphyry dikes. Almost all of the 
.. openings showing ore conform to these two conditions. I have sampled portions of 

I decomposed porphyr}^ which were very rich in silver, and gold or silver seemed to 

be found in almost every opening made along a certain plane within certain limits. 
I have also examined these dikes below^ the contact of the quartzitc and the schist, 
r and found them, to a certain extent, lines of mineral segregation. It, therefore, 

seems doubtful whether the minerals came from below, or were derived b}^ segrega- 
tion from the sediments themselves. I am inclined to think that both causes were in 
operation. In one place we found that the lower sedimentary stratum was highly 
charged with oxide of iron, and that a sample gave over twenty dollars in gold per 
ton, although it was so tine that no gold could be obtained in the pan, an almost 
universal characteristic of these ores, and one which bars the use of the simple stamp 
mill without amalgamating pans for reduction." 

In this statement Devereux has embodied two very important facts: First, 
these ores occur in certain well-defined beds, and, second, they follow definite 
vertical planes or directions. In so far as he connects these vertical planes or 
directions with por]:)hyrv dikes the evidence does not support his assumption, 
nor does the ore usually occur in (juartzite. Furthermore, the instances in which 
native gold is found have proved to be ver^^ exceptional, and only one or two 
very doubtful occurrences have come to the o})servation of the writer.^ The fact 
that the ores are diflicult to treat has shice been thought to be due -in part to 
the combination of the gold with tellurium jis well as to its very fine state of 
division. Chloride of silver has been reported from a very few of the siliceous 

« In the Hidden Fortune mine, north of Lead, native gold (>eeurH In great abundance in the ore, but the conditioDa 
here may \te considered nomewhat excei)tional, so that th<! above statement is accurate for all other occurrences. 
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Dividend $63,017.54 

Clinton and Ashland 60,380.09 

Carrol (iroup 50, 000. 00 

Harrimn 41 , 106. 80 

Little Blue 52, 000. 00 

Wai?p Mining Company 4, 500. 00 

Wasp No. 4 1,200.00 

Rua 20,000.00 

Balmoral 16,821.38 

Buxton 10, 997. 71 

EvaH 12,000.00 

Yellow Creek Gold Mining Company 24, 152. 38 

Total 2, 164, 287. 58 

As the total gold output of the Black Hills for the same year is given as 
$5,631,237, it will be seen that the siliceous ore production for that year was 
about two- thirds that of the Algonkian ores. Since this report it has steadily 
increased. 

CHARACTER AND POSITION OF THE BEDS IN WHICH THE ORE OCCURS. 

PHYSICAL CIIARACTKR. 

The rock in which the refractory siliceous ore occurs is a crystalline magne- 
sian limestone or dolomite. It forms beds of variable thickness at different 
positions in the Cambrian series, and is known among the minors as ''sand rock."' 

Macroscopic appeanince, — In it« fresh and completeh' unalten^d (condition it 
is a dense, massive rock of light bluish-gray color, consisting chiefly of an aggre- 
gate of small glistening grains of lime-magnesium carbonate, among which are 
scattered minute masses or crystals of pyrite. Little irregular flecks of glauco- 
nite often give it a greenish tinge, but they are rarely present in sufficient 
abundance to become a conspicuous feature. Alternating with the beds of this 
dense, mar})le-like rock is dark, greenish-black shale, which is armnged sometimes 
in even, parallel bands, and sometimes in extremely irregular or distorted pat<^'hes. 
In some places these shale bands are so nearly absent that the rock reseinliles 
a tine-grained homogeneous marble with thin lines or traces of shale in just suffi- 
cient amount to bring out the stratitied nature of the rock. In other cases the 
shale beds arc much thicker and not infreijuently occur in such abundance that 
th(» strata paitake more of the nature of highly dolomitic shale than of crystal- 
line limestone. All gradations exist between these two extremes, but the pre- 
vailing occurrence is whei'c the dolomitic beds are in the preponderance. The 
shale bands iirc^ then extremely thin and at varying distances from one another. 
They often exhibit a very marked cross bedding and bring out clearly the sedi- 
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mentary origin of the rock. Regularity of banding is, however, rarely continuous, 
for it is interrupted by crushed and contorted layers, by irregularly distributed 
little faults, and often bj^ a confused brecciated structure. These brecciated 
structures become at times very pronounced, so that the stratification is com- 
pletely obliterated, and the broken fragments are often rounded in such a way 
as to give to the rock the appearance of a conglomerate. 

Microscopic appearan<^e, — Under the microscope the ore-bearing rock, or 
dolomite, is seen to be of two different varieties: (1) An aggregate of inter- 
locking anhedra" of dolomite, none of them possessing cr3\stalline boundaries; 
and (2) an aggregate composed of rhombs of dolomite, all of them complete 
crystal individuals. 

Dolomite of the first variety is composed of an aggregate of anhedra of 
dolomite impinging upon one another with extremely irregular boundaries. 
Among these are scattered irregular rounded grains of quartz, masses or crystals 
of pyrite in the unoxidized varieties, minute specks of magnetite, irregular 
patches of green glauconite, and an occasional mass of calcite. The mafn bodj'^ 
of the rock is made up of the dolomite. It clearh' shows rhombohedral cleavage, 
but never, even when strained, is there twin lamellation. Calcite when present 
can be readily distinguished from it by this means. The rounded grains of 
quartz show all the attributes of detrital material, and probably remain as they 
were prior to the marbleization of the rock. They sometimes occur in great 
abundance. In the specimen taken from the Two Johns mine* they are segre- 
gated into definite layers where they formed almost 50 per cent of the rock. As 
a rule they are, however, much less frequent in their occurrence and at times 
are completely absent. The magnetite occurs in such exceedingly minute masses 
that it can with difficulty be recognized, (ilauconite is present generally in a 
small quantity. It forms irregularly rounded masses of considerable size, show- 
ing the usual aggregate polarization, and almost invariably in a very fresh con- 
dition. In one or two of the most highly oxidized specimens it shows signs of 
decomposition. The pyrite is absent from oxidized specimens, in which the iron 
content is a limonite distributed along interstices between individuals of carbon- 
ate and along the cleavage cracks of the same mineral. The aggregate amount 
of iron is probably insignificant, although the rock is often very deeply stained 
with iron oxide. In some specimens, notably those from beds above the De 
Smet cut, and from the Belle Eldridge mine in Spruce Gulch, the microscope 
reveals fragments of shells and small irregular plates perforated with many 
minute holes. The latter are probabl}^ some form of Foraminifera and their 



«Anhedron is here used to designate a mineral grain or individual which, while it is crystalline in its int43rnal 
structure, so that it polarizes light, etc., has been prr\'ented from devoloping crystal faces by the presence of contiguous 
grains of the same or other minerals. It simply fills up the irregular space between the other mineral grains. 
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piTr^Dci^ indicate.s that the rock originiilly consi:!:ted of the remains of orgmn- 
i.^oi"*. the greater part of which have been completely obliterated by ^^ub^^ueni 
marbleization. 

A micro-photograph of thi;? rock is shown in PI. X, A. facing page 214. 

The ??e^'ond variety of structure observed in the dolomite ii? that where the 
ror:k cr>n^i.sts of an aggregate of automor[>hic crystal^" of dolomite. Inclusions 
and staining by oxide of iron ha> produced dark liands in these crystals, that 
give to them a marked zonal appearance and bring out distinctly the thoroughly 
crystalline character of the ro«-k. These rhom>»s are sometimes exceedingly small 
and of uniform size, but in other instances irregular liands of larger individuals 
are distributed through the i-ock. (See PI. X, B. p. 214.) In other respects this 
variety shows no essential differences ^ from that first desc'ribed. 

The first variety of dolomite or '"sand nx-k" is more common on the lower 
contact, the second on the upper. The two, however, grade into each other and 
are not to be distinguished without the aid of the microscope. 

Alteration. — The alteration of the dolomite produces a progressive series of 
changes in the appearance and condition of the rock. The first mineral attacked 
is the pyrite, which Ijecomes rapidly oxidized. The limestone then becomes 
stained with oxide of iron, so that it changes to a deep Venetian red, or yellowish 
brown. The flashing cleavage faces remain unaltered, and, together with the red 
color and pecidiar even texture, give the i*ock a very peculiar and easily recog- 
nized appearance; The black shale bands become stained to dull red by iron 
oxides, and where very impervious frequently exchange their black color for a 
light gray. The glauconite does not seem to have been much affected by altera- 
tion, being frequently found ii) the most decomposed specimens. It is improbable 
that all of the iron oxide that stains this rock arises from the decomposition of 
the pyrite; much of it has probably been introduced by oxidizing waters that 
have seeped downward from the beds above. 

The next step in the oxidation of the rock after the pyrite has been removea 
and the rock stained red is the gradual solution of a portion of the carbonates. 
By this means the rock, loses its massive structure and passes into a red or 
yellow earthy material composed of disintegrated fragments of lime and mag- 
nesium carbonate, limonite, included sand grains, and whatever clay originally 
existed in the rock. This completely decomposed material is known to the 
miners as '"gouge," and is especially well developed on the edges of ore bodies, 
even when the ore and wall rock are comparatively unoxidized. One of the 
most noticeable features of this gouge-like alteration is the prominence given by 
it to the tending of the rock. The dolomite bands become darker by reason of 
the introduction of iron oxide, but the shale bands, on account of their impervious 

<i Crystalline mineral grains which have fully developed crystal (acen are termed automorphic. 
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nature, retain the greater portion of their original material and are therefore of 
lighter color. Thus with the increasing alteration the banding of the rock has 
been rendered more pronounced, and it is often supposed that red ores come in 
shales and blue ores in the limestone. Gradual transitions, however, between the 
gouge and the original blue, unaltered rock are frequently observable, no single 
step in the alteration being absent. At times the red gouge has preserved the 
structure o( the rock from which it was derived, so that angular fragments will 
present the appearance of a hard, mas»sive limestone, while in reality a touch 
will serve to cause them to crumble into a loose mass of soft earth. 

CHEMICAL COMPOSITION. 

An analysis was made by Mr. W. F. Hillebmnd of a specimen of the blue 
unaltered dolomite taken from the long crosscut of the Tornado mine known as 
the ''Bx" crosscut. The portion analyzed was taken from a layer free from 
shale bands, and showed dolomite, calcite, quartz, pyrite, and glauconite, with a 
few minute specks of magnetite. After treatment with hydrochloric and sul- 
phuric acids, the residue of quartz grains, pyrite, and magnetite was further 
examined under the microscope. The quartz grains were rounded and without 
doubt of detrital origin. The pyrite was in irregular masses and occasional 
crystals, and the magnetite in such an extremely fine state of division that it 
merely imparted to the residue a slight grayish tinge, and could only be 
recognized as such b}' means of the magnet. 

The analysis gave the following results: 

Analym of unaltered dolomite from Tornado mine. 

Per cent. 

SiO,.... 5.74 

AlA -^ 2.02 

Fe,0, 64 

FeO 6.47 

FeS, 69 

MnO 97 

MgO 14.75 

CaO 26. 81 

Na,0 07 

K,() 53 

H,0— 105«C 34 

H,0^ia5°C 67 

PA 08 

CO, 40.11 

Total 99.89 

It has not been possible to calculate the exact mineral composition on 
account of the variable composition of the glauconite, but it will at once appear 
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that the proportion of carbonates present is much in excess of all other minerals. 
If the lime, magnesia, ferrous oxide, and manganese oxide be calculated so as to 
combine with total carbonic acid present, the aggregate amount of carbonates 
represent*! about 87 per cent of the rock. These elements probably do not exist 
as separate mineral species, but occur as isomorphous mixtures, the iron and 
manganese replacing a part of the calcium and magnesium of the normal 
dolomite. Some distinctive calcite does, however, occur; but the amount is small. 
The formula would probably be alx)ut as follows: CaMg(MnFe)(CO)8, where 
small quantities of Mn and Fe occur in the dolomite molecule. 

The alumina is too high for glauconite of normal composition, and indicates 
that a small amount of kaolin is present. This would consume a portion of the 
silica, potash, and combined water. The remainder of the alumina, potash, and 
combined water, part of the silica, cousidenible magnesia, and all of the soda 
and phosphorus are probably contained in the glauconite. The balance of the 
silica is present as sand gniins. 

The percentage of glauconite and shaly material increases with the increase 
in the quantity of shale bands in the rock, and as they always persist unaltered 
in the ores, they are to be regarded as impurities in the normal ore-bearing rock. 

GEOLOCJICAL POSITION OP ORE-BEARIXG BEDS. 

In the Cambrian group these dolomite beds most frequently carry ore at 
two levels, which are locally known as the 'Mower'' and "* upper'' contacts, although 
it is probable that other beds will be found within the intervening portion of the 
series, but such have not yet been carefully sought. 

Lmrcr roritart, -'Th(i lower beds lie generally directly upon the basal quartzite 
of the Cambrian and are from 6 to 30 feet thick. The l)ands of impervious blue 
shale which interrupt the continuity of this rock vary greatly in thickness and 
occur at intervals which increase or diminish without regularity. The result is 
that if tniced for any great distance the dolomite beds show a lenticular form, 
passing from a thick mass into thinner and thinner bands until they finally 
disafipear in the surrounding shales. Frequently such lenticular l)eds are 
arrangc'd so that one passes laterally beneath the next succeeding one al>ove, but 
dwindles to nothing, while the higher or lower bed continues. It therefore 
liap[MMis that the lower beds vary in their exact geological position; at some places 
thfv lie directly on the quartzite and at others are some distance above it, the 
irif<-rvoning space being occupi(»d by thin alternating beds of shale and impure 
limestone. The beds of dolomite and their intercalated shale are in some places 
ovrlain hy a series of extremel>" impervious blue shales, which break with a 
trianjrular <'leava<.n* and never show any indication of mineralization. At times 
th'r limert/ine lx!Com(»s so thin that the blue shales lie but 5 or ♦> feet above the 



124 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 

The two contacts most commonly known have been developed because they 
have been the most easily accessible. The exploitation of the lower contact 
especially has been extremely easy on account of the almost invariable occurrence 
of that series of dolomite beds directly over the quartzite, thus permitting the 
use of the latter rock as a basis for exploration. Indeed, so much has this 
occurrence on or close to the quartzite been emphasized that it has become the 
dogma among miners to ''sink to quartzite" before prospecting for ore. The 
ore-bearing beds of the upper contact near Portland and the ore occurring in 
them outcrop all around Green Mountain and along the railroad, so that ore 
bodies on that contact were easily accessible. The existence of ore shoots in 
beds lying between these horizons is not only possible, but probable, and future 
prospecting may reveal them. 

ORE BODIES. 
FORM A SI) SIZE. 

The ore occurs, as stated above, as flat, more or less banded masses, which 
have a channel-like form and are parallel or nearly parallel to the bedding 
planes of the strata in which they are found. Such bodies are locally known as 
''shoots," a term which it will be cx)nvenient to use throughout this paper for 
any single body of refractory siliceous ore of whatev^er form or size. 

Viewed in horizontal projection the larger number of shoots shows a long 
lenticular form, slightly broader at the center and becoming narrower at either 
end. As shoots are seldom mined to their extremities, these relations can not be 
fully appreciated from the map (PI. IX, p. 214). Broa<l shoots are more irregular 
in shape than the smaller bodies, and, as they are in reality formed b}^ the junction 
of intersecting or parallel shoots of smaller size, have no absolutely constant form 
(PI. XIII, p. 214). They are, however, generally longer than broad. Viewed in 
cross section, there is a complete gradation from a narrow lenticular shape with 
longer axis in a vertical position to a great flat bed remarkably conformable to the 
bedding planes of the strata and with its width man}' times greater than its thick- 
ness. Between these two extremes shoots possess variable and often very irregular 
forms. Some of these are shown in PI. XI (p. 214), which gives a series of cross 
sections and illustrates the gradation between large and small ore shoots. 

Only where ore bodies are very wide is there an absolute conformity to the 
bedding planes of the strata, and then only in the roof of the ore. The lower 
boundaries generally cross the strata at an angle and extend downward a 
great distance along the fractures; above the ore usually terminates against a 
bed of shales that seems to have been a barrier to the farther upward passage 
of mineralizing waters. At times when shoots are interrupted by many shale 
beds they have the form shown in PI. XI, G (p. 214). 
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The length of the shoots varies from a few feet to about four-fifths of a 
mile. The Tornado-Mogul shoot, which is probably the largest single body of 
refractory siliceous ore yet rained, had a total length of 4,153 feet. The Bottle- 
son shoot, including that portion that extends into the Alpha-Plutus mine, was 
3,290 feet in total length. The large No. 1 shoot of the Union mine, exclusive 
of its probable continuation in the Ruby Bell, had been mined when visited to a 
length of 1,750 feet, and was not then completely worked out. The Ross Hannibal 
shoot was 1,500 feet long; the Steward, 1,160; the Boscobel, 1,050, and the Double 
Standard, 900. On the upper contact the shoots of the Mark Twain and Empire 
State mines, which practically constitute a single ore body, show a total length 
of 2,000 feet. Shoots having a length of from 600 to 800 feet are of frequent 
occurrence, while those between 600 and 100 feet constitute perhaps one-half of 
the total number of shoote mined. In general shoots having a length less than 
100 feet are not very often encountered, and when found are often too narrow 
and poor to pay for mining. This is especially true in the mines of the Bald Moun- 
tain area where the ore is not of very high grade. In the Yellow Creek and 
Lead areas the ore is higher in gold content and occurs in much smaller bodies, 
so that shoots of very small size are often workable. 

In width shoots vary from a narrow film of silica lining the sides of an 
almost imperceptible crevice to great flat bodies 300 feet or more in width. The 
widest shoot mined is that of the Golden Reward mine on the south bank of 
Nevada Gulch, which n^easures 340 feet at the broadest point. The Tornado at 
its widest point is 180 feet. Shoots 100 feet in width are of quite frequent 
occurrence, and those from 100 feet down to 4 or 5 feet are mined in many 
places. Perhaps, however, the most usual width of ore shoot throughout the 
region is from 5 to 20 feet, such occurring with greater frequency than any of 
the other widths cited. The width of a shoot varies a little from point to point, 
and in many cases is greatest about midway of its course, gradually diminishing 
toward the extremities. The Tornado-Mogul shoot is 180 feet wide slightly north 
of the central point, but it narrows to 10 feet at its northern outcrop and pinches 
out entirely at the south end. Very wide shoots like the Golden Reward are 
generally formed by the convergence of many smaller ore bodies having slightly 
discordant trends; thus the total width is diminished in any particular direction 
by the introduction of wedge-shaped areas of unmineralized rock. 

In general, there is no constant relation between length and breadth. Except 
in a few cases where very wide shoots, like the Golden Reward and the inclined 
shoot of the Little Bonanza, are nearly as broad as they are long, the length is 
many times greater than the breadth. The longest shoots are sometimes broad, 
as in the case of the Tornado-Mogul, but there are many cases like the Bosc/obel, 
where a shoot 1,450 feet long never shows a greater width than 10 feet. 



126 



ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 



The vertical dimensions are the least variable, because the ore deposition 
being due to the replacement of certain more soluble sedimentary beds is 
limit<>d only by the thickness of those beds. Consequently the thickness for 
narrow ore bodies is as ^reat as for wide ones, at least in the same locality." 
WTiere the ore-bearing IhhIs are very thick the ore is likewise thick. From 5 
to 10 feet is a conservative estimate for the Bald Mountain area, as also for the 
Garden area. In the Portland district the thickness of the ore is not often 
•more than 3 feet and often ranges })<»tween that and 1 foot. It rarely happens 
that the ore in a shoot of any considemble size is continuous from the floor to 
the roof, for it is almost always interrupted by partings of unmineralized shale. 
These are termed "waste" by the miners and have to be carefully removed by 
sorting. Where such •"waste" IkkIs are thicker than the ore there are practically 
two ore shoots oi* V)lankets one above the other. The thickness of a sh(X)t often 
diminishes at the rims, where the ore thins to a feather edge. Other cases 

occur where the transition from ore to 
country rock is such that the shoot retains 
its full thickness to the rim. 

FRACTVSES. 

In all of the stopes from which the ore 
has })een completely excavated dis(*olored 
seams may be observed. These are generally 
(|uite conspicuous, both on account of their 
slightly iron-stained appeai'ance and on ac- 
count of the resistant character of the ma- 
terial of which they are composed, the latter 
feature* having frequently caused them to pro- 
ject from the softer, unmineralized (!Ountry rock. They may })e most readily 
observed in the beds overlying the ore, as these are of slightly lighter color and 
of a more shaly chanicter than those in which the ore itself occurs, but if care- 
fully followed to the side or end of the stope may be tmced downward into the 
underlying quartzite, shale or dolomite, whenever mining operations have revealed 
the rock below the ore. These seams are known to the miners as '* verticals" 
(PI. XII, p. 214). 

In a '"vertical'' there are two features to be distinguished: 1. The original 
fracture. 2. The mineralization along or proceeding from that fracture. 

The original fracture is a result of rupture due to strains in the country 
rock. It may have been a simple crack with no perceptible open space between 




Fig. 13. — Sketch (»f " vcrth-ul" as seen In cross sec- 
tion, showing the manner in which it project«« 
from the surrounding c«)untrj* rock on account of 
the resistant character imparted to the adjoining 
material by silicificatlr)n. 



«» Tlic exception is where narrow and extremely higli ore Ixxlies are formed along very open fractures, as in the 
etiotiscot mine (see PI. XI, C, p. 21-1). 
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the walls or a crevice an inch or more in width. Secondly, as a result of min- 
eralization the fracture is often filled by siliceous deposits and sometimes stands 
out as a small ridge in softer material, or it may be lined with quartz crystals 
and not completely tilled. Often it is not clearly distinguishable in the mass 
of the ore. As a result of the replacement of the country rock on either side 
of the crevice a sheet of hard siliceous rock is formed which may extend for 
considerable distances on either side of a fracture. If extensive it forms an 
ore shoot; if slight, a '"•vertical." This vertical is often confused with the frac- 
ture, but it is important not to confound the two. The fracture admits the 
solutions and the ore body is formed by them. 

The original fi-actures are either simple or composite. 

The simple fractures have slight displacement along surfaces which are some- 
times perfect planes, but more frequently are slightly warped or cun-ed surfaces. 
No uneven ness or brecciation occurs along fractures of this type, and verticals which 
result from their mineralization arc generally extremely narrow and regular. 

^ A composite fracture is caused by the intersection of many small, irregular 
fractures running in all planes and at all angles to one another, and constituting a 
zone of fracture. This can not be described as a brecciated zone, because fragments 
have not been perceptibly moved from their respective positions. 

Simple fractures when followed to the limits of the ore, where their traces can 
be distinguished in the walls of the stopes, show that they are planes of movement. 
The faulting that has taken place is in the majority of cases extremely small, but 
is almost always clearl}^ discernible. It generally averages from one-quarter of 
one inch to 6 inches. The differential movement that takes place along such 
fractures may be both vertical and horizontal. If the movement is vertical it is 
usually shown by a very pronounced drag in the extremities of the dislocated 
strata; if horizontal it is indicated by horizontal striations in the underlying 
quartzite. 

The planes of movement of these faults are, as is usual in fault planes, curving 
or slightly warped surfaces. They are, further, faults of but slight displacement; 
faults of larger displacement — in one instance of 300 feet — occur, but show no 
evidence of mineralization and are probably of later date. 

All gradations from the simple to the composite t} pe exist. A single and 
simple fracture rareh' continues for any distance as such. In many ore shoots a 
single fissure, though showing a very constant direction, may change into a com- 
posite fracture and still farther on split into a large number of fissures not quite 
parallel, so that bv gradual divergences and convergences they form an interlacing 
network in the roof of a stope. At times the vertical, which has resulted from 
the mineralization of a series of parallel fractures, occupies the entire roof of the 
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DIRECTION OF FRACTURES. 



Fractures are generally arranged in parallel groups, each group following a 
single direction with comparatively little divergence. Such groups may be termed 
fracture systems. Two or more such systems may be distinguished in all of the 
productive areas of siliceous ores. Some systems show great persistence and are 
heavily mineralized; these correspond in direction to the trend of the greater 
number of ore bodies, while others are comparativeh^ insignificant, and do not seem 
to have been productive of ore bodies of any size. Fractures of the first variety 
have been termed ^' major" fractures; those of the second, ''minor" fractures. 



GROUPING OF FRACTURES. 



The mineralized fi'actures are divided up into separate and distinct groups, 
which correspond closely to the different productive areas of siliceous ore. These 
groups are separated from one another by intervening areas in which, as far as 
known, mineralized fractures do not occur. In any one group there are present 
two or more systems of well-defined fiucture which preserve directions that are 
constant within the limits of that group, but different from those of the neigh- 
boring group. 

The spacing of the fractures within any one group is generally without 
regularity. A single group usually shows all gmdations from a spacing so close 
that the individual fractures- can hardly be distinguished as such, to one so broad 
that an unmineralized area of from 4(X) to 500 feet intervenes between a fracture 
and its nearest neighbor. 

In some of .the groups of fracture there is a close relationship l>etween the 
fractures and the structure of the Cambrian rocks. Thus in some mines ore 
shoot* occur upon the crests of low antichnal ridges, and the fractures from which 
they have originated arc strongly developed, while in the shallow synclines 
between them mineralized fractures do not occur. 

There are five important groups of fractures, two in the Bald Mountain area, 
and one each in the Garden, Yellow Creek, and Lead areas. 

The fmctures in the Bald Mountain area constitute two groups occurring in the 
vicinity of Ruby Basin and Portland. 

In tlie Ruby Basin district there are two systems of major fracture: One has a 
direction ranging from N. 15° W, to north-south. The prevailing and strongest 
fisjsures of this system are N. 12^ W., and are followed by the long E shoot, the 
Big shoots jf the Tornado mine, the Bottleson shoot, and many other shoots of 
considerable size. The other direction of major fi-acture is from N. 25° E. to N. 30^ 
E. Fractures belonging to this system may vary 5^ on the one side or other of these 
directions. Minor fractures run N. 30^ to 50^ W. and occasionally N. 65° E. Other 
fractures of minor chamcter occur, but they are confined to extremely broad stopes 
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where the network of very small fi*actures is so intricate that there is no predominant 
direction. In the Bottleson shoot and in the St. Louis ore body there are other 
major fractures which trend N. 5^ E. In the ^roup of mines west of the 300-foot 
fault, designated the Boscobel- Welcome group, the fractures follow the same general 
directions, but vary possibly within wider limits than those of the Alpha-Plutus-JVIogul 
group just discussed. 

In the Portland district the prevailing direction of the major fractures and the 
resultant trend of the ore bodies is between N. 20^ E. to N. 45^ E., the most constant 
direction being about N. 35^ E. Minor fi^actures trend north-south, N. 50^-55^ E., 
N. 60^ E., N. 800-86^ E., N. 13- E., N. 30^ E., and in rare instances N. 35^ W. 
Hence the prevailing trend is strongly toward the northeast. 

In the Garden area 5 general systems are important. These run N. 30^ E., N. 

\ 40^-45^ E., N. 55*^-57^ E., N. 60^-65^ E., and N. 85^ E. The number of fractures 

following the other directions is very much less and they ma}' , therefore, be regarded 

as comparatively unimportant in the part that they have played in the production of 

ore bodies. 

In the mines of the Yellow Creek and Lead areas the Cambrian rocks are so 
completely weathered that the accurate determination of fractures apart from ore 
bodies was not attempted. The major fractures here, as elsewhere, follow in 
general the direction of the longer diameters of the ore shoots, but even these are 
somewhat small and disconnected, so that it is diflScult to settle upon their prevailing 
direction. Presumably, however, in Yellow Creek their directions are N. 12^ W., 
N. 60^ to 80^ E., N. 33'^ to 40^ E., and north to N. 3^ E. In the vicinity of Lead, so 
far as could be ascertained, fractures follow with considerable constancy the strike 
of the lamination of the imderlying Algonkian schists — that is, N. 25^ to 30^ W. 
Other systems of fracture probably exist, but were not detected. 

•iNTERSfXTlON OF FRACTURES. 

Intersections of frac^tures occur both in vertical and in horizontal planes. 
Vertical intersections are compai*atively rare, because they can occur only when 
fractures exhibit pronounced dips, and such are infrequent. An intersection of this 
character occurs in the western workings of the Mogul mine, and an ore body of 
considerable size is found at the junction of the fissures. No displacement was 
observed. Another place where an intersection of two composite fractures in a 
vertical plane was observed is in the ^'Double Standard" mine. No displacement 
occurs at this intersection. 

At intersections in a horizontal plane displacements are sometimes observed, 
but are frequently absent. In the big shoot of the Tornado mine, on the west side 
opposite the Tornado shaft, a small fracture trending N. 40^ E. can be seen faulting 
from its direct course a large ore-bearing vertical running directly north and south. 
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ORIGIN OF THE FRAfTlRES. 



Throughout the northern portion of the Black Hills not only does the Cambrian 
lie unconformably on the eroded surface of the upturned Algonkian rocks, but it 
rarely retains its original horizontal position. Low undulations or incipient folds of 
irregular form are characteristic features of the lower members of the series. When 
revealed by the mine workings the lower beds of quartzite are generally found to 
dip at a slight angle in a direction that is sometimes at right angles to the prevailing 
strike of the Algonkian r(x*ks; at others without definite relations to them. Slight 
dips in one direction soon give place to corresponding dips in another direction, so 
that the whole lower surface of the Cambrian is composed of a succession of depres- 
sions and undulations with much attendant fracture and slight faulting. In explana- 
tion of this phenomenon Dr. T. A. Jaggar has suggested that during the uplift of 
the Black Hills orogenic movements were accompanied by a differential gliding 
of the Algonkian rocks upon one another along planes of schistosity. This produced 
an elevation at one point and a simultaneous depression at another, so that the result 
has been a general distortion of the horizontiil layers of the Cambrian. During such 
differential movement the harder beds of the Algonkian have exerted a powerful 
upward thrust on the overlying series, the softer adjacent layers l>eing distorted 
against the rocks alx)ve. Such distortions have been observed at several points. 
The most striking instance may be seen in the long west crosscut from the Mogul mine, 
which penetmtes the contacts of the two series. The softer rocks of the Algonkian 
are here crushed against the overlying quartzite and distorted, while the more rigid 
members of the same series have not suffered appreciable deformation. It is not 
improbable that some of the breccias that occur along many of the intruded dikes 
are to be attributed to the same cause. Such a distortion of the Algonkian surface 
could not but have produced strains in the horizontal rocks above, and probably it is 
in large part to such strain that the fractures, with which are associated the siliceous 
ores, owe their origin. 

RELATION OF THE FRACTURES TO THE MINERALIZATION. 

The mineralization that has occurred along the fractures manifests itself in 
two different ways: First, it has replaced the wall rock whenever that was composed 
of soluble material; second, it has filled such open spaces as existed in the fractures. 
The distance to which replacement has extended from the fractures varies with the 
character of the l)eds through which the}' pass and the intensity of the mineralizing 
action. In comparatively impervious rocks, like shales and eruptives, replacement 
has extended characteristically to very slight distances, so that the result has been 
the production of narrow verticals. In the dolomite or ore-bearing beds pioper, 
if slight, it has likewise produced narrow shoots or verticals; if of greater intensity, 
ore bodies of workable size. 
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In the latter case the evidence seems to point to a limited distance for 
mineralization arising from a single fracture. In most of the ore bodies which 
occur in Ruby Basin the mineralization has not extended very far. Ten feet 
ma}' be considered a very fair average. Ore bodies of greater width than this are 
due either to the coalescence of a number of parallel shoots or to the existence of 
a large number of intersecting fractures. There are instances where mineralization 
seems to have extended to much greater distances. Thus in the vicinity of 
Portland extremely wide shoots were seen in which the ore extends to at least 
50 feet on either side of a single fracture, and a few cases were noted where no 
fractures at all could be detected in the beds overhang the ore. In these cases, 
however, it is probable that the fractures terminated in the ore-bearing rock. 
Indeed, such could often be inferred from offsets in the banding of the ore, so 
that there seems little probability that mineralization has extended to a greater 
distance than 20 feet from the suppl^dng fissure. 

It will thus appear that the relation of the fractures to the separate shoots 
of ore depends upon the manner in which the f i*actures are grouped. Ore bodies 
occurring along single fractures are long and narrow and rarely attain a width 
greater than 20 feet; they are generally from 6 to 10 feet wide. Instances of 
this kind are the Boscobel shoot, which is 1,050 feet long with an average width 
of 10 feet, and the E shoot of the Tornado mine, 835 feet long by 12 feet wide. 
There are also many others. Where a number of fractures lie close together, 
so that the mineralization from one fracture has coalesced with that from the next 
succeeding fracture, shoots have a width determined by the number of fractures 
present. Of the many large shoots formed in this way two distinct types are to 
be found. The first includes those shoots in which the fractures are parallel, or 
nearly so; the second, those in which the}' intersect. Of the former a typical 
instance is the northern end of the Welcome mine, where a shoot nearly 100 feet 
wide is formed by a series of almost pai-allel or slightly diverging fissures (PI. 
XIII, p. 214). Of the latter — and in general it is by far the most usual type of 
large ore body — there are many instances, of which perhaps the most striking 
is the great Tornado-Mogul shoot which is 180 feet wide at the broadest point 
and over 4,000 feet in length. 

There are few shoots of large size — unless it be those formed along a narrow 
single fracture — that conform throughout to any one of these types; for in one 
part of a shoot one grouping of fractures will prevail, and at some distance 
another. In general, however, these four relations of fractures and ore are 
sharply defined and may be readily distinguished. 

The filling of open spaces is seen in a few cases, but is then subordinate to 
the action of replacement. The material that fills such spaces is generally a finely 
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divided aggregate of silica. Where the crevice is narrow the silica is without 
definite arrangement. With an increase in width it is noticeable that fine silica 
lines the walls and increasingly large individuals occur toward the center, giving 
to the vertical a very distinct vein-like structure. When the fractures are as 
much as one-eighth of an inch in width the center is often left vacant and druses 
of quartz crystals project inward from the walls. A specimen from the Ben Hur 
mine shows a fracture 3 inches in width in porphyry. Along the walls on either 
side is a one-balf-inch lining of silica from which large crystals of quartz project 
inward, interlocking with those on the opposite side. These crystals are often 
one-half inch in diameter and 1^^ inches in length. Similar verticals of varying 
width were observed in the Two Johns mine in Squaw Creek, in Blacktail Gulch, 
and at other localities. Calcite, clay, manganese, and iron oxides often fill the 
central cavities. In some of the fractures obsen^ed in Yellow Creek the material 
filling the fissure is almost, if not entirely, chalcedonic silica, and the cavities 
are lined with even, parallel bands of this mineral. In the Dividend mine, near 
Portland, and in the Donelson mine, near Yellow Creek, are fractures of con- 
siderable width containing fragments of Algonkian slates and schists, which have 
probably resulted from the difi'erential movement occurring along the fissures. 
Filled fissures rarely possess silicified walls, for the free circulation of mineralizing 
waters has not usually been favorable to the action of mineralization. 

Besides the primary filling of open spaces, a secondary filling is sometimes 
found; for when fractures have once been mineralized they have not infrequently 
been a second time the seat of slight movement, and a reopening of the fissure 
has taken place. Into the cavity thus formed fillings of calcite, manganese, and 
iron oxides and clay have often been introduced, so that the appearance of a 
banded vein is not infrequent Such secondarily filled seams are especially abun- 
dant in oxidized localities, and often much of the filling material has found its 
way into cavities in the ore itself, giving rise to the erroneons belief that it is 
an essential ingredient of the ores. 

THE ORE. 

MACROSCOPIC CHARACTER. 

With a few unimportant exceptions, the siliceous ores are extremely uniform 
in their general appearance and structure. When seen in large masses the ore is 
generally a more or less banded rock, exceedingly hard and brittle. The banding 
is due to the persistence of the stratified structure of the ore-bearing beds in the 
mineralized rock, the shale beds usually remaining in nearly unaltered condition, 
while the dolomite layers have been completely replaced. Cavities of irregular 
form lined with crystal druses of various minerals are invariably present and give 
to the ores a very cavernous appearance. These may generally be seen in bodies 
of mineral formed by the action of replacement. 
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The hardness and densit}' of the ore are so great that it can be crushed only 
with great difficulty. Its hard and brittle character causes it to give a harsh, grating 
sound when struck by steel; so that, even when it can not be seen, a blow with a 
pick or other implement will often serve to distinguish it from the country rock. 

The texture of the ore is dense and compact, and the color when unoxidized 
is generally grayish blue. At times a greenish tinge is imparted by disseminated 
glauconite in minute grains. Ores from Yellow Creek and the vicinity of Lead 
are often white, or grayish white, on account of the presence of large quantities 
of barite. Sulphides sometimes occur in recognizable patches in the more coarsely 
textured ore, but generally they are present in too fine a state of division to be 
visible in hand specimens. 

MICROSCOPIC CHARACTER. 

Under the microscope the ores are seen to consist of an aggregate of irregu- 
larly bounded individuals, chalcedonic silica and quartz, through which is disseminated 
pyrite (see PI. XIV, p. 214), generally without crystalline boundaries and in a state 
of fine division. The proportion of the chalcedonic silica to the quartz varies, some- 
times one and sometimes the other being in the preponderance; in the majority of 
cases, however, the quartz is present in the largest amount. The size of the pyrite 
masses ranges from those which are distinguishable in the hand specimen to such 
an extremely finely divided aggregate that the mineral is scarcely recognizable 
even under the microscope. It is this extremely fine pyrite that imparts to the 
ore its peculiar bluish tinge. Residual masses of glauconite, often of considemble 
size, are scattered through this with greater or less frequency. 

The cavities or vugs are generally lined with druses of perfect quartz crystals. 
Such druses are generall}' free from pyrite and are probably the latest added and 
purest portions of the silica. They are often noticeable in the hand specimen. In 
some instances the center of a cavity is filled with silica resembling that of the main 
body of the ore. In ores from certain parts of the Tornado mine original detrital 
quartz grains are seen here and there through the ore, being readily distinguishable 
on account of their rounded character and the fractures and cracks that penetrate 
them. Fluorite is very frequently present; it is sometimes purple, sometimes green, 
and again completely colorless. It is always irregularly bounded, except when pro- 
jecting into cavities, when it is found in cubes often of great beauty and perfection. 
Ores containing appreciable amounts of alumina frequently show light-colored 
masses of transparent material that polarizes as an aggregate, and this kaolin-like 
material is almost always present in these ores in greater or less amount, and seems 
to vary directly with the amount of alumina and residual impurities. In some 
specimens the individuals of silica are of different size, and the smaller and larger 
are grouped together so as to form definite bands with irregular boundaries. The 
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finely disseminated pyrite is sometimes segregated into irregular bands and patches 
showing peculiar swirls and eddies, and often assuming subflorescent forms. (See 
PI. XIV.) Shaly layers in the ore show the usual indeterminable aggregate of 
finely divided minerals. Glauconite generally favors such shaly layers and appears 
as green to yellowish-green masses, frequently of considerable size. 

MINERALS OF THE ORES. 

In the order of their relative abundance the minerals of the ores are about 
as follows: Quartz, calcedonic silica, p^-rite, arsenopyrite, barite, fluorite, gypsum, 
stibnite, uranium mica (variety undetermined). 

Qn4irtz{SiO^. — This is the most widely distributed and invariable ingredi- 
ent of the ores. It occurs, as al>ove described, as an aggregate of finel}- divided 
individuals, generally of microscopic size. Clear glassy crystals form druses 
lining the interior of cavities, and are often very perfectly developed. When the 
ores are extremely fine grained the silica sometimes shows a marked iridescence. 
Instances of this kind can be seen in the ore in the Ross-Hannibal mine, in 
Whitetail Gulch. In its origin the silica is both detrital and the product of min- 
eralization, the latter variety generally being in far greater proportion. The 
detrital quartz plays but a small part in these ores, and when in large proportion 
materially .lowers the grade of the ore. Quartz crystals of large size seldom 
occur, those observed in the Ben Hur mine being the single exception. 

ChcHcedonic silica (SiOi-\'nIT^O). — Silica of this character occurs in the 
same general relations as the quartz, although its proportion is usually much 
smaller. It can not be distinguished by the eye except when it lines cavities. 

Pyrite {FeS^ Pyrite occurs in very considerable quantities in all unoxidized 
ores. It can often be observed in the hand specimen, but is most frequently 
present in an exceedingly fine state of division. In many of the ores it is so 
finel}^ divided that it can not be observed without the microscope, and it then 
imparts a peculiar dark-blue color to the ore. The segregation of pyrite into 
restricted areas of the ore sometimes occurs. An important instance of this kind 
is reported from the Ross- Hannibal mine, in Whitetail Gulch, where a bed of 
pyrite is said to have underlain the ore. 

Arsenopyrite {FeAsS). — Arsenopyrite can never be observed in the hand 
specimen, and often it is not present at all. In those cases where it occurs the 
percentage varies within wide limits, but is always less than that of the pyrite. 
If the rock be ground up and the sulphides isolated the white color of the 
arsenopyrite may often be recognized. For purposes of treatment arsenic must 
be determined by analysis. The analysis given on page 142 shows 4.10 per cent 
of this mineral. 

Barite {BaSO^^ heavy spar. — Barite is in the greatest development in the 
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Lead and Yellow Creek areas. It occurs in flat, blade-like crystals which have 
sometimes a clear glassy appearance with* vitreous luster or a white opaque 
aspect. In the ores from the Lead area it is always of the latter variety and in 
flat crystals which form an interlocking aggregate and frequently exhibit a 
rough radial arrangement. At times its relative abundance is so great that it 
forms more than 50 per cent of the ore, and the crystals are generally about 
one-sixteenth to one-eighth of an inch in thickness and one-fourth to one-half 
inch in width. Extremely large crystals one-half inch wide and 2 inches in 
length were taken from the Hidden Fortune mine near Lead. Barite sometimes 
occurs in massive aggregates which ma\' be readih' recognized by their great 
weight and the peculiar pearl}- appearance of their cleavage faces. Crystals 
from the vicinity of Yellow Creek are generally glassy and line the interiors of 
cavities. This mineral is rare in the Bald Mountain and Garden areas, but was 
found in the Boscobel shoot between Fantail and Nevada gulches. It occurs in 
large, flat crystals 2 inches in width and three-eighths of an inch thick. It was 
the earliest formed ingredient of the ore, as the rest of the rock masses closel}" 
filled the interstices between the interlocking plates. In the ore from the 
Penobscot mine, in the neighborhood of Garden, small quantities of this mineral 
were observed. Barite shows no definite relation to the occurrences of the gold, 
but it is one of the most widel}' distributed minerals in those areas that have 
produced the richest ores, and is an indication of very strong mineralization. 

Flvx/rlte {CaFl^, — Fluorite is an invariable ingredient of the siliceous ores, 
although often in very small quantity. It frequently occurs in cubes lining the 
cavities in the ore. Ore from the Ross-Hannibal mine showed clusters of 
white, transparent cubes one-sixteenth of an inch in diameter. In some instances 
it is a brilliant-green color, but most frequently occurs in cubes of a bright 
purple. These are especially well developed in the Bald Mountain area. Besides 
the distinct crystals, fluorite is disseminated through the body of the ores in 
fine microscopic masses which never possess crystalline boundaries. Where the 
ore is in contact with other rocks, such as porphyry or shale, fluorite often 
extends beyond the ore and lines the cavities and crevices in the adjacent rock. 

Gypsum {CaSO^. — Gypsum, though not a common ingredient of the siliceous 
ores, occasionally occurs. Ores from the Double Standard shoot, between Fantail 
and Nevada gulches, showed irregular masses of gypsum, some of which are as 
much as an inch in diameter. F. C. Smith <» also mentions gypsum as an ingredient 
of these ores. 

Stihiite (aSJjaSs).— Analyses frequently show the presence of antimony, but it 
is only in exceptional instances that is in sufficient quantity to be seen. Siliceous 
ores from Yellow Creek and closely associated with tungsten deposits show large 



a Trans. Am. Inst. Mln. Eng., vol. 27, 1897, p. 416. 
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masses of this mineral composed of slender radiating needles often 2 inches in 
length. They are embedded in the silicified limestone and seem to be the earliest 
formed of the minerals present. 

Uranium mica, — Large quantities of a greenish uranium mica are reported 
to have occurred in association with the ores of the Koss-Hannibal mine in 
Whitetail Gulch. Uranocircite occurs in several localities in the productive mining 
region, and it is possible that this occurrence is similar. 

ALTERATION OF THE ORES. 

The general appearance of the siliceous ores is so much changed by oxidation 
that the common!}^ accepted classification in mining circles is a division into blue 
or unqxidized ores and red or oxidized ores. The blue ores are those just described 
and grade by gradual tmnsitions into the more oxidized varieties. All stages in the 
process of oxidation are well represented. The red ores are so called on account 
of the heavy staining with iron oxides that has resulted from the altei*ation of the 
pyrite and the infiltration of iron from other sources. They are often of an 
extremely ferruginous aspect, but when broken the more solid portions are found 
to contain but small quantities of iron oxide. Often the oxidation has begun 
along the line of demarcation between the dolomite and the ore, so that a very 
narrow line of iron-stained rock intervenes between the two. Examples of this 
were observed in the Ross-Hannibal mine in Whitetail Gulch. In a few cases 
oxidized zones were observed adjacent to crevices in bodies of blue ore. The 
changes which oxidation produces in the mineralogy are quite noticeable. Pyrite 
is the first mineral to be attacked, and rapidly passes through a series of alter- 
ations that eventually produce oxides. In most cases where the change is complete 
much, if not all, the sulphur has disappeared, or, if present, is changed to sulphates. 
In many of the ores are cavities lined with small druses of jarosite, which has 
formed by the oxidation of the pyrite in the presence of the potash contained in 
the residual shales. Calcite is an extremely common mineral in the oxidized ores, 
frequently occurring in such large quantities that reduced rates for their treatment 
can be obtained from smelting companies. It almost always fills secondary crevices 
or cavities which have been previously vacant, and its practical absence from the 
sulphide ores is strong evidence that it has been one of the minerals introduced 
by oxidizing waters. Black oxide of manganese mixed with limonite has frequently 
been similarly introduced and occurs in cavities and fissures. Its derivation, like 
that of the calcite, is probably due to the oxidation of the dolomite, in which the 
ore bodies occur. Hematite sometimes occurs in distinct scales and crystals, but 
is not often a noticeable mineral. Very advanced stages of decomposition produce 
in the ores a concentric and subconchoidal parting that causes the ore to break 
into kidney-shaped masses. Such structures are seen in the Big Missouri mine 
near Lead, the Steward mine in Nevada Gulch, and many others. 
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CHEMISTRY OF THE ORES. 

The following table includes four analyses of refractory siliceous ore: 

Analyses of refractory siliceous ores. 





I. 
Sulphide ore. 


II. 
Oxidized ore. 


III. 
Oxidized ore.a 


IV. 
Sulphide ore.a 


SiO, 


Percent. 
75.23 
.13 
3.61 

1 .. 

5.83 


Per cent. 
65.142 
'. 


Percent. 
84.45 


Percent. 
68.748 


TiOa 




A1,0. 


3.924 

20.364 

.065 


4.07 
7.28 


3.072 


Fe«0, 




FeO 




Fe 




13. 289 


MnO 


Trace. 

.779 

5.711 






MgO 


Trace. 
1.75 

Trace. 

.05 

.05 

2.38 

Trace. 
.47 
.87 
.21 
.61 


.25 

.85 




CaO 




SrO 




BaO 








Na,0 


Trace. 
Trace. 






K,0 





Li,0 






H2O— 105° 


.476 

1.839 

.832 

.073 






HjO-hl05° 






P,Ok 




.842 


SOs 


3.71 




CaS04 


.833 


8 


5.85 
.62 


.279 




11.728 


Fl 






CaFl, 






.784 


CI 


Trace. 
1.89 
ft. 02 
ft. 02 








As 


.010 
Trace. 
Trace. 






Sb 






Cu 














99.72 
.29 








Less for Fl 
















Total 


99.43 


99.957 


100.61 


99.296 






Gold 


Oz. per ton. 
2.95 
4.75 


Oz. per ton. 

0.42 

.62 


Oz. per ton. 
0. 574 
2.875 
8.426 


Oz. per ton. 
0.325 


Silver 


10.56 


Tellurium 


4.03 









a Taken from paper "Potadam gold ores of the Black Hills of South Dakota," by F. C. Smith: Trans. Am. Inst. Min. 
Eng., vol. 27, p. 415. 
bApproxlmate. 
cEnough present to form telluride with the gold If not with the sUver. . 
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Analysis I is of sulphide ore from the No. 4 shoot, Double Standard mine. 
This spe^'imen was completely unoxidized, showed considerable pyrite, visible in 
the hand specimen, some arsenopyrite. kaolin, and other residual shaly material 
of indeterminable character. Analy.>is was made by W. F. Hillebrand. It was 
not [xwsible to calculate the percentage of all the minerals present on account of 
the uncertain composition of the shaly material, but the following minerals could 
be easily estimated: 

MlnertU rjfmjfrpniion of gulphide ore from Xo. 4 shoot. Double $Standarf! mine. 

VyriU' 9. 47 

AreenopyriU' 4. 10 

Stibni U- 03 

Fluorit4- 1.36 

Gypeuui -. 1. 31 

Barite? 08 

A pati U*? 49 

Rutile? 13 

Silira, together with detrital day, etc 82. 46 

Total 99.43 

The potash, alumina, and traces of lithia, magnesia, and strontia are probably 
contained in the shale. Phosphorus has been estimated as apatite, on account of 
a slight excess of lime over that necessary to combine with the residue of SO,. 
Apatite could not l>e distinguished as such, but as phosphorus is present in the 
unmineralized country rock and ore in approximately equal amount," and so often 
occurs in shales, its presence may l)e jastly assumed. The titanium may like- 
wise be present in the shaly material, possibly as rutile. The percentage of potash 
in this analysis is rather unusually high, and, taken in connection with the 
aluminum, might be regarded as indicative of orthoclase. Assuming the presence 
of oithoclase and about 2i per cent of kaolinite, there would he about 60 per 
cent of free silica. 

Copper never occurs in any considerable quantities and in much of the ore 
can not be detected at all. Arsenic is present as arsenopyrite and antimony as 
stibnite. (lold and silver can not be identified by the microscope, but tellurium 
is present in sufficient quantity to combine with them to form tellurides. This 
is also shown by Professor Smith, who has calculated the percentage of tellurium, 
gold, and silver and shown them to be present in the proportions requisite for 
the composition of sylvanite. There seems to be little reason to doubt that gold 
and silver are present in this combination. One of the most important features 
of this analysis is the complete absence of carbon dioxide and the correspondingly 

a Compare analysis of dolomite on p. 121. 
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low percentage of lime, manganese, and ferrous iron, showing that the soluble 
constituents or carbonates have been almost, if not completely, removed during 
the process of silicification. 

Analysis II, of oxidized ore from Blacktail Gulch, was furnished by the 
courtesy of Mr. Dorr, of the Golden Gate Mining Company, and is published by 
permission of the company. This analysis is chiefly interesting as illustrating 
the chemical changes brought about by alteration. The great increase in iron 
oxide, lime, and magnesia, with the corresponding fall in silica and sulphur, are 
the most conspicuous features. The increase in iron oxide, lime, and magnesia 
are probably due in large part to the infiltration of these ingredients from with- 
out by the action of surface waters, the iron in the form of oxides and the lime 
and magnesia in the form of carbonates. The moisture is also much higher. The 
other ingredients have probably not suffered appreciable change. 

Analyses III and IV are of oxidized and unoxidized ores, respectively, and 
show in general the same series of changes, but in this case the blue ore, IV, is 
much more basic ore than III, so that the increase in iron would at first seem to 
be reversed. In general an examination of about 35 analyses furnished by the 
Deadwood and Delaware Smelting Company showed a i-ange in silica from 60 to 
86 per cent and of iron from 5 to 17 per cent, or an average of 73.36 per cent 
silica and 12.17 per cent iron. 

It is difficult to ojflfer any satisfactory explanation of the failure of the gold 
in these ores to yield to ordinary methods of extraction. In the case of the blue 
or unoxidized ores its probable combination with tellurium may be considered a 
sufficient reason, but for the red or oxidized variety, or the blue when subjected 
to a thorough roasting, by which it is to be supposed that the gold is either 
wholly or at least in part released from combination, this will not answer. That 
the gold is, as originally supposed by Devereux, in an extremely fine state of 
division and is uniformly distributed through a rock not readily permeable by 
solutions and yielding with difficulty to crushing may be offered as a partial 
explanation of the refi'actory nature of the ore. It must, however, be admitted 
that with all of the endeavors to solve this problem the exact condition in which 
the gold exists in these ores is not well understood. 

VARIATIOyS FROM THE USUAL TYPE OF ORES. 

Four varieties of ore are found intimately associated with these siliceous 
ores, but can not be considered characteristic. 

Auriferous clay. — In the Mogul and Tornado mines there occur, interbedded 
with the hard siliceous ore, bands of a soft white clay which frequently carry 
higher values in gold than the main body of ore. Seams of this kind are reported 
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to have contained at times from $40 to $60 per ton in gold and to have yielded 
free gold on panning. 

It is not possible from an examination of the material to form any very 
definite idea of its origin, but the clayey matter is probably the result of the 
decomposition of intercalated shale or of small included layers of porphyry. For 
the introduction of the gold the writer can suggest no satisfactory explanation 
unless it be the result of the secondary action of surface waters on the ore mate- 
rial above. 

Auriferous sand. — Below the ore and lying in the quartzite in the Wasp 
No. 2 mine in Yellow Creek, or directly upon the Algonkian in the Dividend 
mine near Portland, was found much loose incoherent sand containing considerable 
values in gold. In both cases it was partially cemented by limonite or carbonates 
and often yielded very high values. When washed and examined under the 
microscope the grains of sand from Yellow Creek were found to be loose and 
"often perfect crystals of quartz and only held together by the cementing material. 

Auriferous gouge, — In the Dividend mine, near Portland, much of the decom- 
posed dolomite is heavily charged with oxid^ of iron, together with some sandy 
fluorite and manganese. It carries workable quantities of gold. The values 
are, however, always lower than those of the silicitied rock occurring in their 
immediate vicinity. It is not improbable that this gouge material is the result 
of both primary and secondary mineralization. The presence of fluorite, which 
is a mineral that often extends beyond the limits of siliciiication into crevices 
in the adjoining rocks, suggests that the values were partially introduced into 
the dolomite at the time of first mineralization; the presence of manganese, that 
a secondary concentration of such values by surface waters has taken place. 

Quartzite ore. — The quartzite that underlies much of the siliceous ore of the 
lower ore-bearing beds contains a high percentage of carbonates, and it is not 
infrequentl}^ mineralized so as to form pay ore. It is never as high in grade as 
the ore that lies above it, because there is more insoluble material in the original 
rock than in the purer dolomite beds above. 

A REAL DISTRIBUTIOy OF THE REFRACTORY SILICEOUS ORES. 

The productive areas of refractory siliceous ores are five in number (see 
PI. V), and have been severall}'^ designated the Bald Mountain area. Lead area. 
Yellow Creek area. Garden area, and Squaw Creek area. The last-named area was 
at the time of examination little more than a prospect, but has since become an 
important producer. 

BALD MOUNTAIN AREA. 

This is by far the largest and most important area, and has justly been con- 
sidered the type district for this class of ores. Its name has been derived from 
Bald Mountain, which lies at the center of the northern edge of the area. 
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As will be seen from PL V, it is a northwest-southeast striking belt of about 
1 mile in width and 4^ miles in length. As it corresponds closely to the inner 
rim of exposed Cambrian strata, it lies between the contact of that rim with the 
underlying Algonkian on the northeast and the nearly parallel line of contact of 
the Cambrian With the overlying Ordovician on the southwest. Across this belt 
the Cambrian beds have a general downward inclination from northeast to south- 
west. They have been eroded from the higher portions of the Algonkian area 
to the northeast (with the exception of a few isolated outliers), and pass on the 
south beneath the heavy, overlying rocks of the Ordovician and Carboniferous 
formations. 

This belt of Cambrian rocks extends on to the southeast bej^ond the present 
limits of the productive area, but is cut off from the Yellow Creek area by the deep 
gorge which the waters of Whitcwood Creek have cut far down into the Algonkian. 
Toward the northwest the Ordovician and Carboniferous approach much nearer to 
the edge of the Algonkian area and the rim of the Cambrian turns toward the north. 
In its noi'thern end, in the vicinit}'^ of Crown Hill and Portland, the Cambrian is 
exposed in nearl}' its full thickness, so that as yet it is only the upper ore-bearing 
beds that have been thoroughly developed. As will appear from PI. IX, great num- 
bers of intrusive sills, dikes, and irregular bodies of igneous rock are interbedded 
with the Cambrian rocks of this belt. 

The topography of this area is very rough and irregular, the steepness and 
irregularity of the gorges having been much accentuated by the presence of erup- 
tive bodies, which have offered great resistance to erosion, while the softer inclosing 
Cambrian rocks have been more readily removed. 

From a northwest-southeast line through Terry Peak the drainage is to the 
southwest into Spearfish Creek, to the northeast into Whitewood Creek and to the 
northwest into Squaw Creek. 

The headwaters of the southwest drainage appear just at the edge of the area, 
and have cut down through the Carboniferous rocks into the Cambrian, leaving 
heavy cappings of the former on the divides between the streams. The northeast- 
ward drainage comprises a series of gulches which empty into Whitewood Creek. 
These streams head up into the Cambrian belt and cut down into the underlying 
Algonkian, so that the lower ore-bearing beds, which are about 10 to 25 feet 
above the Algonkian, outcrop in a very sinuous line, and allow long, narrow 
embayments of Algonkian schists to extend far up into the mining district. The 
southeastern portion of the distri^ has been more deeply dissected, so that the 
ore-bearing beds have here been rendered easy of access on the divides between 
these gulches, especially on Nevada, Stewart, and Whitetail creeks. In the north- 
eastern portion, erosion has not progressed so far, and the lower ore-bearing beds 
4987— No. 26—04 10 



146 ECONOMIC BE80UBCE8 OF NORTHERN BLACK HILLS. 

are still in large part deeply buried, the so-called upper contact having been 
most extensively developed. 

With relation to the ore bodies, therefore, the area may be divided into two 
portions — the Ruby Basin district and the Portland district. In the first-named, 
or southeastern district, the mines are largely upon the lower ore-bearing beds; in 
the second, or northwestern, largely upon the upper. The mines of the Ruby 
Basin district arc operated mainly by one company — the Golden Reward. Two 
mines belong to the Portland Company, namely, the Big Bonanza and Buxton, 
while a few small mines are operated by individual owners. These relations may 
be clearly made out from PI. IX. 

RUBY BASIN DISTRICT. 

In the Ruby Basin district there are a large number of long channel-like ore 
bodies or shoots resting on or near the basal Cambrian quartzite and trending as 
a whole in a roughly north-south direction. These ore bodies fall into two dis- 
tinct groups, within which ore shoots are situated relatively close to one another. 
These are the Buxton-Union group and the Alpha-Plutus-Mogul group. 

Buxton- Union group, — This is the more easterly of the two, and comprises 
15 mines. Naming them from the east to the west, l>eginning on the north, these 
are: The Buxton, Retriever, Steward, Tony and Maggie, Golden Reward, Big 
Bonanza, Little Bonanza, Gladstone, South Golden Reward, Fanny, Isadorah, 
Sundance, Billy, Ruby Bell, Lucille, Union, and Ross-Hannibal (or Mikado). 
(See map, PI. IX.) The ore shoots operated in these mines number 39 in all, of 
which 21 are large and extensive and the remaining 18 comparativel}' insignificant. 
The geneiul trend of these shoots is about north-northwest, with a few large 
intei'secting shoots trending N. 25^ E., or nearl}^ so. 

The ore-bearing l)eds upon which the mines of this group are situated are 
not continuous in a north-south direction, but are cut through by Fantail and 
Stewart gulches, so that the ends of the ore bodies outcrop on either side of the 
divide separating these streams, rendering them easily accessible. The ore- 
bearing beds, however, are at a much lower elevation at the southern end of the 
group, so that the shoots in the Union mine have been worked by means of a 
shaft. 

At the southern end of the group a large sill of phonolite has been intruded 
in the Cambrian, and extends westward as far as the Fanny mine. It may be 
seen making abrupt cliffs in Stewart and Whitetail creeks. South of Whitetail 
Gulch this sill has cut the ore-bearing beds into two portions, so that the shoots 
of the Union mine lie below and that of the Ross-Hannibal above, the phonolite 
forming in the one case the roof and in the other the floor of the ore. The 
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workings of the Isadoi*ah and South Golden Reward are also above the phonolite, 
but they rest upon the quartzite so that (as may be seen in the Billy tunnel) -it 
is evident that the phonolite has cut downward toward the west and included all 
of the ore-bearing beds above itself. ThivS sill is extremely irregular, and pre- 
sumably terminates at the northern end of the South Golden Reward, where it 
extends upward in a dike-like mass separating the ore bodies of the north and 
south end of the Golden Reward. It extends northwest, however, beneath the 
southern end of the Big Bonanza, and sends out a dike toward the north which 
separates the Big and Little Bonanza mines, the former being about 50 feet 
above the latter. The ore bodies of the North Golden Reward and Tony and 
Maggie outcrop in the south side of Fantail Gulch, and are on the lower Cam- 
brian quartzite, which is separated from the Algonkian by a heavy sill of 
eruptive rock. The Big Bonanza is at about the same elevation, and is separated 
by the same sill from the Algonkian. Owing to the abrupt termination of the 
thick phonolite sill previously mentioned, the ore body of the Fanny mine is 
much lower in elevation than that of the mines directly east, and it is at about 
the same elevation as the shoots of the Alpha-Plutus-Mogul group to the west. 
The shoots of the Little Bonanza outcrop just west of the Big Bonanza, and are 
much complicated by irregular porphyry- bodies. As their relations are more 
fully discussed on page 187, they will not be further mentioned at this point. 

Aljphii- Pint m- Mogul ijroap. — This group is separated from the more east- 
erly, or Buxton-Union group, by a wedge-shaped area of comparativeh^ barren 
country situated with its broader end toward the south, so that the two groups 
approach each other on the north, but diverge in a southerly direction. This 
group comprises 14 mines. From east to west beginning at the north, they are 
as follows: Clinton, Alpha-Plutus, Smily and Lundt, Bottleson, Tornado, Little 
Tornado, Double Standard, Boscobel, Daisy, Harmony, Hardscrabble, Welcome, 
Upper Welcome, and Great Mogul. There are 71 shoots in all, of which about 
25 arc of large size, the remainder being small, though yielding collectively a 
large amount of ore. One, the Tornado-Mogul shoot, is larger than any yet dis- 
covered. With two exceptions all of the ore bodies of this group lie in the 
lower ore-bearing beds close to the Algonkian, or not more than 30 feet above it. 
Two small ore bodies, the Daisy and Upper Welcome, the first situated on the 
divide between Fantail and Stewart gulches, and the second on the north side of 
Nevada Gulch, are on an upper contact, which probably corresponds to that of 
the upper ore bodies of the Portland district. 

As will be seen from PI. IX (p. 214), the shoots of this group trend northwest- 
southeast and are comparatively close to one another, relatively few of them 
being disconnected. The group is broken into two portions by a heavy fault 
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by which the ore->jearinp >>edi? on the we>t r^ide are elevated about 3<>j feet and 
offftiet against the higher mea^ure^ of the CambriaiL On the lower, or east side« 
of the fault the Hame >>edffi are offf<iet against the Algonkian. Thk faiult appears 
as a single and dearly cut displaoem'-nt in the west working? of the Troy ^haft 
where it ha*? >>een well exixi^sed in the several crosscut* that connect the Horse- 
shoe shaft with the i-topes of the Great Mogul. From thL? point it passes 
northeast, but l^ecomes in i>art divid<-d into many small step faults between the 
workings of the Hardscrabble and Tornado mine*: thence it runs north across 
Nevada Gulch sf.'parating the workings of the Alpha-Plutu> fr»:»m the small tun- 
nels of the Smily and Lundt mine. This fault is not dearly defined on the sur- 
face, liecause there are so many complicating masses of intruded rock that 
distort and confuse the relations of the strata. It appears, however, in Nevada 
Gulch at the point where the Fremont. Elkhom. and Missouri Valley Railroad 
makes a horseshoe l)end. the Algonkian extending far up the gulch but coming 
against the upper Cambrian at this jxiint. Just south of Nevada Gulch this fault 
is immediateU' on the west side of a large dike of eruptive rock, but diverges 
from it in a southerly direction so that in the Troy workings the two are sep- 
arated by an intervening area of about bW feet. That this fault diverges thus 
from the porphyry suggests that it is widely separated in age from the intru- 
sion, a fact that is well borne out by other evidence. A second fault also appears 
just west of the Mogul shoot, at the extreme south end of the group, and on 
the west side of the large porphry dike that extends north as far as Nevada 
Gulch, forming the western boundary of the great Tornado-Mogul shoot. The 
downthrow of this fault is to the west, the reverse of that just described. It 
lowers the ore-bearing beds fully ICH) feet at the extreme south end, but gradu- 
ally dies out northward until, at a point about the center of Fantail Gulch, it 
has completely disappeared. A third fault occurs at the north end of the group 
about 3<X) feet cast of the 300-foot fault and with the central point of its course 
just l>elow the bed of Nevada Gulch, the downthrow being about 72 feet on the 
east. It has a general north and south direction, but cur\'es to the west as it is 
followed south, cutting the Tornado sh(K>t into two portions and uniting with the 
30^)-frK>t fault. U[X)n the fault block thus formed are the north end of the 
Tornado, otherwise known as the St. Louis shoot, and the most westerly ore 
iKidies of the Alpha-Plutus. As may l>e seen )>v consulting PL IX, only three 
r>f the shrK>ts of the part of this group })olow the 8(.H)-foot fault show in outcrop, 
the gulches not having been cut deep enough to dissect the ore-bearing l>eds. 
(){ th(*s<^ three the Clinton outcrops in Nevadii Gulcli, but as it is about 
midway lx'twe<»n this group and that first dcscribc^d it can not be rightly said to 
U'long to either of the two. The other two, the St. Louis and Upper Alpha- 
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Plutiis, are on the small elevated fault block and outcrop in Nevada Gulch. The 
remainder are all deeply buried and have, therefore, been worked by means of 
shafts. The relations of these faults to one another may be understood by 
consulting Pis. XIX and XX (p. 214). 

West of the 300-foot fault the ore shoots outcrop all along the south side of 
Nevada Gulch. Two mines, the Little Tornado and Harmony, outcrop also, one 
on either side of Fantail Gulch. To the southwest, however, the ore-bearing 
beds are not exposed and mining is carried on by means of shafts. 

PORTLAND DISTRICT. 

With one exception — the Dividend mine — the ore shoots of the Portland 
district are on the so-called "upper contact." They are separated from the 
lower ore-bearing beds by a vertical interval of 527 feet, and are about 15 to 25 
feet below the Scolithus or ''worm-eaten" quartzite. They comprise a series of 
shoots all closely grouped together and striking with almost no exceptions about 
east-northeast, thus showing a marked diflference in trend to those of the Ruby 
Basin district. The following mines have been operated: Dividend, Decorah, 
Trojan, Empire State, Folger, Perseverance, Alameda, Leopard and Jessie Lee, 
Mark Twain, Burlington and Golden Sands, Clinton, Portland, and Gunnison. 
There are about 46 productive shoots in this group, but they are so often connected 
with one another that it is diflScuit to say where one ends and the other begins. 
The ore-bearing beds dip slightly to the southwest, so that the}'^ outcrop around 
Green Mountain and westward just above the two railroad lines at the head of 
Squaw Creek, and also at the head of Nevada Gulch. To the southwest they 
are more deeply buried. These shoots are as a rule rather broad and flat as 
compared with those of the Ruby Basin district. Little or no faulting occurs, 
so that the geological relations of the group ma}^ be readil}^ appreciated from PL 
IX (p. 214). The lower ore-bearing beds outcrop 527 feet below, at the base of 
Green Mountain, around the head of Deadwood Gulch. The workings of the Divi- 
dend mine are situated here, but have not yet been extended sufficiently far to the 
southwest to fully explore this contact directly below the upper workings, and 
it is therefore not possible to say whether the presence of these ore bodies jn 
the upper beds may be considered as evidence that a correspondingly productive 
group of ore bodies will be found below. The ore from this group is in 
much thinner shoots than that occurring in the Ruby Bsusin district, and the ores, 
taken as a whole, yield i-ather lower values than the general run of lower 
contact ores. This dilBference in value is especially noticeable when the compar- 
ison is made between them and the ores from the Dividend, which belongs to 
the same group. Ores from this mine yield between one-third and twice as 
high values as those from the upper group. 
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IhtsLVY yiills of eruptive ro<'k lie at varrin^ diritanees below the beds upon 
which the rnine> of this ^oup are operated, and the summits of Green Mountain 
and the hills to the .south are capped by a mass of the same character. Dikes 
are iiotic<fably absent from the workings, only one having been encountered. In 
the workings of the Dividend, however, the dikes are extremely abundant, a 
fa/:t which shows that there is a strong tendency for intrusives to assume hori- 
zonUi] jxwitions as they ascend to higher horizons in the Cambrian. As compared 
with the Kuby Iktsin district the absence of dikes in this area is signiticant, as it 
shows tliat the <x;currence of these ores is in no way dependent on their presence. 

ISOLATED MI NEK. 

Besides these large groups of ore h>odies there are several isolated mines that 
may properly V>c classed as in the I^ld Mountain area. Two of these are in 
Nevada Ciulch, about midway ^>etween the Ruby Basin and Portland districts. 
Thesii are the Baltimore and Ben Hur. The former has a series of small shoots 
lying on the lower contact, which is at this point some distance vertically below 
the l»ed of Nevada Gulch. The workings are largely to the south of the gulch. 
The R?n Hur is some distance farther down the gulch, just at the head of the 
Algonkian exposure (see PI. IX, p. 214). A small north-south fault has lowered 
the strata on the west so that the single shoot of this mine is worked by means 
of a tunnel through the schist. 

The area between the Alpha-PIutus-Mogul group and the Portland group 
is al)out 3,0^H) feet in width and has been quite extensively prospected, notably 
by the Snowstorm mine, but as no other than these two ore bodies have been 
found it seems not improbable that it may constitute a comparatively Imrren area 
lik(» that between the Buxton-Union and AIpha-Plutus-Mogul groups. 

Another isolated mine is the Two Johns, oj^erated on the lower ore-l>eariug 
!>eds which outcrop on the west side of upper Squaw Creek. The shoots trend 
east-northeast, but are all companitively small. A little ore has also been found 
ill the South Dakota mine in Annie Creek and at other points along the course 
of S(|uaw Cre<»k, notably in the La!)rador mine, but this western portion of the 
Bald Mountiiin area has not \'et been thoroughly prospected, though it mav in 
future become productive territory. 

UAKDE> AREA. 

The mines of the Garden area are situated in Blacktail and Sheeptail gulches, 
and at thi^ head of a small tributary of False Bottom Creek about two-thirds of 
a mih^ east of south from Garden. To the southwest lies the Algonkian nucleus 
of th(» northern portion of the hills. To the north the country is covered hy a 
heavy cap of rhyolite which obscures the relations of the Cambrian strata. Still 
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farther north the Cambrian passes beneath the overlying formations. The strata 
dip quite sharply to the northeast and are covered by the rhyolite cap before 
mentioned. The relations of the strata are much confused by irregular intrusives 
and by a series of small north-south faults which elevate the ore-bearing beds on 
the west side. The following mines have been operated in this area: Penobscot, 
Golden Gate, Wells Fargo, Kicking Horse, Keystone, American Express, Chicken 
Lode, and another mine of considerable size whose name is not known. 

The trend of the shoots is about east-northeast by east or nearly east-west, 
although there is considerable divergence from this direction. The shoots are 
sonicwhat narrower than those of the Bald Mountain area, but generally of con- 
siderable length. The grade of the ore is comparatively low on account of the 
prevalence of shale bands in the ore, but some high values have been reported. 
Dikes are seldom if ever encountered in the workings. The exposed area of 
Cambrian upon which these mines are situated is very limited, and it is not 
known how far the ore-bearing beds extend beneath the rhyolite cap to the 
northeast. 

LEAD AREA. 

In the vicinity of Lead there still remain uneroded on the crests of the 
Algonkian ridges a few small isolated outliers of Cambrian strata. A heav}^ sill 
of fine-grained rhyolite caps the Cambrian, leaving a varying thickness of shales, 
dolomite, and conglomerate between it and the Algonkian, but as we approach 
the Homestake zone, first this rock and then the basal conglomerate thins out so 
that the ore-bearing beds lap over first upon the conglomerate and finally 
directly upon the schists. The ore bodies are exposed at the surface upon the 
westernmost edge of this area, but lie beneath the shales in an easterly direction. 
Much of the ore from this district contains great quantities of barite and is 
uniformly rich in gold. From the Hidden Fortune mine was taken ore which, in 
addition to its refi'actory content, yielded immense quantities of finely divided 
and crystalline native gold. From the thin parting of ore-bearing beds above 
the De Smet cut, and below the rhyolite cap, great masses of ver}^ rich siliceous 
ore were mined, while to the west of the Homestake open cut the Big Missouri 
mine has yielded great quantities of ore of the same character. In those mines 
where the conditions permit of their determination the fractures with which the 
ores are associated conform in strike to the lamination of the underlying 
Algonkian schists. 

YELLOW (REEK AREA. 

This area is situated a little more than 2 miles slightly east of south from 
the city of Lead. 

The ores are found in a thin capping of Cambrian strata on the divide between 
White wood Creek on the west and Yellow Creek on the east. Above the Cam- 
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braxi rooks is an extensive sill of fine-grained rbyolite which attains a thickness 
of H^M^ fVvt as it is followed in a southerly direction. A small detached area of 
this eniplivo rock i*emains uneroded to the north and there forms a small elevated 
knolL Between this knoll and the larger southern mass of porphyry the 
Ckmbrian measures lie uncovered, and within this area — generall}'^ not more than 
;S^^ feet below the surface — have been found small but rich bodies of refractory 
siliceous ore. Farther to the north on the extreme end of the divide is a large mass 
of phonolitio roi*k intruded irregularly into the rocks of the Algonklan. On the 
northeast side of Yellow Creek small areas of Cambrian still remain upon the crest 
of the divide Injtween that creek and the west branch of West Strawberry Creek. 
Siliceous ores have recently been found on this divide, but have not yet been much 
developed. The ores of the Yellow Creek area lie directly upon the basal quartzite 
of the Cambrian and about 15 to 25 feet above the Algonkian. They follow fractures 
varying somewhat in their direction, but the more extensive shoots generally trend 
northwest and southeast, following the strike of the Algonkian rocks. In the greater 
numl>er of the mines the loose incoherent character of the roof has completely 
obscured the supplying fractures. The average value of the ores is about ^4:0 to $50 
per ton. In the Minnie mine the grade was much lower and in other mines much 
higher. Fluorite is generally not a prominent constituent, but barite occurs with 
great frequency. The mines which have so far been operated here are the Donelson 
fraction. Wasp No. 1, Little Pittsburgh, Two Strike, Minnie, Little Blue, Little 
Blue fraction. Wasp No. 2, and Wasp No. 4. 

The Yellow Creek district, though a very restricted one, has been extremely 
pnxluctive on account of the high average yield of the ore. The district is closely 
related to that near Lead. The grade of the ores in both cases is high; the occur- 
rence i»f barito and tungsten minerals is similar, and the two areas bear the same 
general relation to the strike of the Homestake ore body. To a less extent it is 
similarly related to Gartlen area. 

8QUAW CBEEK ABEA.a 

This area is situated in Squaw Creek, a short distant east of its junction with 
Speartish Creek. It is one of the few where mining has been begun in the bed of a 
deep gorge, with a very narrow outcrop of Cambrian capped by heavy Carbonif- 
erous cliffs, so that mining will soon carry the workings beneath great thicknesses of 
overlying rocks. A few verticals may here be seen and some small bodies of ore 
have been encountered in the Cleopatra mine, although at a considemble distance 
above the base of the series. In view of the heavy mineralization of the overlying 
C*rl:»oniferous it is not improbable that ore bodies of workable size may be found 
here. At present it is little more than a prospect. 

r Ar.<r7 il> I«r*t^r bAtl gODe to pre!« C. C. O'Harra's papt'r "The mineral wealth of the Black Hills," waa received, 
^.^m-rzif ita: ihi* S^oav Creek ari'a had become an important producer since the writer visited the region. 
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SUMMARY. 

The refractory siliceous ores are restricted to certain soluble strata of the 
Cambrian series. Such development as has taken place has naturallj'^ been directed 
to those areas of Cambrian strata where erosive agencies have rendered the ore- 
bearing beds most readily accessible. 

The Cambrian rocks are not widely exposed, as they yield readily to erosive 
agencies when unprotected by a capping of massive limestone. The}^ therefore 
remain only as a rim around the inner edge of the Carboniferous (see Pis. V 
and IX), and rapidly thin inward until only isolated outliers remain upon the 
Algonkian highlands, or they pass outward beneath the heavy massive rocks of the 
Carboniferous. In the former case ore-bearing areas are isolated on account of 
the removal of the Cambrian strata from the intervening country. In the latter 
case the ore-bearing beds lie so deeply buried that it is difficult to say how far in 
these directions the mineralized area may extend, and exploration involves a 
greater expense than the uncertain conditions would seem to justify. 

VALUE OF THE OSES. 

The gold contents of the ores in the Bald Mountain area run from $3 or $4 
per ton to, in rare instances, $100. The general average for the ores in this 
district is about $17, and those containing from $10 to $20 are of the most 
common occurrence. Ore carrying $35 per ton is considered high grade. Some 
of the ore from the Ben Hur mine yielded upward of $60 per ton in gold. As 
compared with the ores of the lower beds those from the upper contact are 
slightly lower in grade, so that much of the ore is often left in the mines. The 
ores from the upper contact have also been reported to carr}^ a higher relative 
proportion of silver, but although this is true in individual instances, in general, 
silver ores are as frequent in the lower as in the upper beds. The distribution 
of the values in the ore is far from uniform. Ore which carries $25 at one point 
will fall, within 10 feet, to rock yielding only $10. This is especially true of the 
upper contact. In general, the larger ore bodies are of lower but more uniform 
grade. No general rule as to the distribution of values in a single shoot can be 
laid down, for the portion near the suppl^nng fi'acture is sometimes higher and 
sometimes lower than that farther removed therefrom. The extreme "rims" of 
the ore are generally lower than the main ore mass. In the Tornado mine the 
ore in the vicinity of the complex of dikes and faults north of the shaft 
carried higher values than that in the less disturbed beds to the south. In the 
Ross-Hannibal mine, on the contrar}^ the ore carried very high values and the 
shoot was remarkably uniform and undisturbed. The larger ore bodies often yield 
increased values where they are joined by smaller shoots entering them at an 
angle. Instances of this are to be seen in the Tornado mine. 
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The three .smaller areas of siliceous ore. Yellow Creek, I^ead, and Garden, to 
the west of the Hornc?stake ore body, or its continuation, produce ores of uniformly 
higher grade than those from the Bald Mountain country. Those of the Lead 
area, such as the Big Missouri, Durango, and Harrison, yielded ores cari-ying 
between S25 and $oW per ton: much ore was shipped that carried an average of 
$50 j>er ton. The unusual insfainces are the Hidden Treasure, Golden Crown, 
and Iowa mines; iK)rtions of the Durango and Harrison also produced ore con- 
taining large quantities of free gold l)esides that in the refractory condition. 
The grade liere ran up into the thousands, so that one car of 10 tons is reported 
to have yielded $65,fXX». High-grade ores are also found in Yellow Creek where 
a conser\'ative average for ores heretofore mined is ^) to ^0 per ton. 

The Garden area, which bears the same general relation to the continuation 
of the Homestakc as do the Yellow Creek and Lead districts, also carried some 
ores with remarkably high values, but the general average in this district is not 
high on account of the large amount of waste in the ore due to the greater 
proportion of shale bauds in the ore-bearing beds. 

AGE OF THE MIXER ALIZATIOX. 

The fratitures have V)een shown to l>e older than some of the eruptive bodies 
and younger than others. Where fractures cut eruptives fillings of ore extend 
uninterruptedly from the main ore body into and through the porphyries. Mineral- 
ization along fractures that are cut by eruptives has always exercised an influence 
on the porphry, either by producing a slight silicification at the point of contact 
or by the extension of the more powerful of the mineralizers, like fluorite, 
beyond the ore into the minute crevices of the eruptive rock. Eruptives have 
never been obsen'cd to contain angular fragments of ore, which would probably 
have been the case had magmas }>roken through such an extremely brittle material. 
These conditions have been observed to hold good for all of the varieties of 
eruptive? rock. The mineralization is, therefore, later than the igneous activity. 

As Igneous rocks cut strata of the Benton Cretaceous and pebbles of the 
Ham<». rock have been found in the basal conglomerates of the Neocene it would 
seem that the mineralization occurred somewhere between the Benton and the 
Neocene and it probably represents the final phase of vulcanism that was con- 
comitant with the elevation of the Black Hills. This occurred while the Omibrian 
was still deeply buried beneath its covering of later fonuations. 

ORIGjy OF THE ORES. 

The evidence that is furnished })v the facts cited in the foregoing pages as 
to the origin of these ores falls into two classes, that which relates to the manner 
in whi(!h the ores have been formed, and that which relates to the source from 
which the ore minerals have been derived. The first has to do with the changes 
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that have taken place in the country rock through the agency of minei'alizing 
action, and with the chemical and physical nature of the process by which these 
changes have been wrought. The second treats of the channels through which the 
mineralizers have gained access to the beds which they have altered, the direction 
of flow of mineralizing waters through these channels, and, finally, the immediate 
source from which these waters have derived their mineral contents. 

THE MINERALIZIN(} PRCKE-SS. 

The ore did not in any sense fill preexisting cavities, for there is no evidence 
to show that such have existed in the ore-bearing rock at any time; the only 
cavities present being the minute crevices or fissures which have been termed "ver- 
ticals." The ore has been formed by a process which involved the gradual 
removal of the original rock substance and the simultaneous substitution of the 
ore minerals. This has often proceeded with so little disturbance of the original 
material that the stratification of the country rock is continuous with the banding 
of the ore, and at times so perfect is the preservation of this structure that it is 
diflicult to determine, without a detailed examination of the substance of the rock, 
at what point the ore terminates and the unmineralized rock begins. A very good 
idea of this banded structure can be obtained from PI. XVI (p. 214). In other words, 
a complete alteration of the mineral substance of the rock has taken place without 
any change in its externa] form; still further, when viewed under the microscope, 
the ore shows an even more faithful reproduction of the original microscopic 
structure. One type of ore-bearing rock (described on page 120) consists of an 
aggregate of minute but complete crystals of dolomite. This rock is shown in 
PI. X, B (p. 214). When a transformation of this material into ore has taken place 
the process has been carried on with such nicety that these little rhombs appear 
as distinct in the ore as in the unaltered rock (PI. XV, A), When, however, the 
polarizer is applied to the microscope it is at once seen that the ore is composed 
entirely of silica and pyrite and . that no trace of the original material is left, 
although its form is as perfect as before alteration (PI. XV, B^ p. 214). 

During this minenilization a marked decrease in volume has occurred. This 
is shown by the great number of cavities or vugs that occur in the ore, and the 
resulting contrast with the dense texture of the original rock. The intensity of 
the ore deposition seems to have been directly propoi'tional to the confinement 
of mineralizing waters; the more open the fracture the smaller is the ore shoot, 
and the more even and unint^^rrupted the shale or porphyry above, the greater 
is the lateml extent of the ore. Again, where ore shoots, like the great Tornado- 
Mogul, lie in contact with large igneous bodies, there seems to have been an 
additional confinement of waters which may have had some connection with the 
great size of the ore body. 
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consideration of the several rock formations, it is possible to form some idea 
of their relative importance as a possible source of ore minerals. It is now 
generally admitted that meteoric waters by descent to and contact with heated 
rock masses at great depths may be transformed to ascending waters; therefore, 
the minerals which constitute these ores, so far, at least, as their position relative 
to that of the ore bodies is concerned, may have had their origin either wholly 
or in part in any of the countr\' rocks that remained uneroded at the time of ore 
deposition. The region was then presumably deeply buried by rocks now removed, 
consisting of small areas of the Algonkian and Cambrian, of the Ordovician and 
Carboniferous limestones, Minnelusa sandstones, and Cretaceous rocks, together 
with much intrusive porphyry, making in all an aggregate thickness of probably 
4,000 feet. To these, as a possible source of ores, must be added Algonkian 
schists and their included eruptives to indefinite thicknesses below the level of 
the ore bodies. The ore mirtemls to l>e derived from these rocks are, in the 
relative i>rder of their abundance, silica, pyrite, fluorite, wolframite, barite, 
tellurium, torl^ernite, gypsum, stibnite, gold, and silver. 

For the silica, so many different sources can l^e suggested that its origin 
does not deserve special consideration. The same may be said, though in lesser 
degree, of the pyrite which, while present in considerable amount in the ores, is 
too widely distributed a mineral to have its origin exclusively in an}^ of the 
countr}' rocks. 

The fluorite, perhaps more than any other mineral \)resent, may be ascribed to 
pneumatolitic emanations from the eruptive rocks at the time of intrusion. Barium 
may have originated from small quantities in the feldspars of the igneous rocks, 
in which it is known to occur in considerable quantities. For the rarer elements, 
such as tungsten, tellurium, arsenic, antimony, and, in instances, uranium, no 
tests have been made. Since these minerals can not readily be supposed to 
have been original constituents of the sedimentary rocks, their origin mast be 
sought in the Algonkian or eruptive masses. Wolfiumite occurs in considerable 
quantities in* rocks of the Algonkian, associated with the tin deposits, both in 
Nigger Hill and in the southern hills. Its occurrence suggests that similar 
deposits and bodies of eruptive granite may exist below the schists in the 
vicinity of the tungsten deposits near Lead, and if so, they may readily be 
supposed to have supplied this mineral to ascending thermal waters. It is, of 
course, possible that tungsten also is present in the eruptive rocks, but if so, it 
is yet undetected. In the light of the evidence as to direction of flow of 
mineral solutions no such assumption is essential. 

Arsenop3^rite is known to occur in the auriferous lodes of the Algonkian 
(see description of Homestake ores, p. 6S). Tellurium, arsenic, antimony, and 
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uranium may have had their origin in either eruptive rocks, or Algonkian 
schists, but their presence in either is not reported. 

Of the gold and silver contents of the various rock formations more is 
known. Among the sediments the only series which undoubtedl}^ contained gold at 
the time of the ore formation is the Cambrian. This gold occurs, (1) in the form 
of auriferous conglomerates at the base of the Cambrian; (2) as small amounts 
of free gold widely disseminated through unaltered sediments, presumably 
contemporaneous with their deposition. Of this latter type of gold the writer 
has seen no occurrences in person, but many instances of the kind are reported, 
and as they originate from reliable sources, they are probably accurate. 

That the schists of the Algonkian were mineralized with gold and silver 
prior to the deposition of the Cambrian, the study of the Homestake and other 
Algonkian deposits has placed beyond question. Many other instances of small 
quantities of gold at different places in the Algonkian series have come under the 
notice of the writer, although never in sufficient quantities, nor of high enough 
grade, to be of economic importance. 

Whether gold and silver were original ingredients of the eruptive rocks, it 
is much more difficult to determine. These rocks frequently yield appreciable 
amounts of gold and silver on assay — a fact which is attested by a number of assjiys 
made for the writer, as well as by examination of assay returns from several mines. 
Such assays, however, were confined to eruptives so closel}'^ associated with areas of 
mineralization that these values may have been introduced into them at the time of 
ore deposition. It seems, however, possible that there may have been some small 
quantity of these metals in the original rock, although it can not be definitely 
proved. 

It will be seen from these data that the country rocks of the ore-bearing areas 
contained at the time of the ore deposition most of the ore minerals in quantities 
sufficient to have constituted an adequate source of supply, and in the opinion of the 
writer, it is ver}^ probable that each of these rock divisions has contributed to the 
ore formation, one adding one element to circulating waters, and one another. How 
the metallic contents have been derived from these rocks — schists, sediments, and 
eruptives — whether exclusiveh^ through a leaching by purely meteoric waters, or 
by the additional aid of occluded moisture or gases released from eruptive magmas, 
it is not possible to say. The presence of such large quantities of fluorite in the 
ores certainly leads one to suppose that the latter action has been an important 
factor in the ore genesis and in the opinion of the writer it has had much 
closer connection with the origin of these ores than is generally admitted. It is 
further probable, since the ore deposition followed so closely the eruptive actiWty, 
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that the heat imparted to mineral waters by igneous rocks served to increase in no 
small degree the acti\ity of circulation. 

METHODS OF TREA TMEXT. a 

After the failure of the earlier attempts to treat these refractory siliceous ores 
by amalgamation, a plant for the treatment of the ores by chlorination was erected 
by the Golden Reward Company at Deadwood, in 1S80, and a second plant of 
similar character was built at Pluma, in 1895, by the Kildonan Milling Company. 
This process was attended with a greater degree of success than any before tried, 
and until recently has been largely used. With the increase in the understanding 
of the chemical character of the ore other processes were found to make so much 
better saving of the precious metals that chlorination has now largely given place to 
them. 

In 1892 a cyanide plant was built in Deadwood, but seenLs to have been in 
operation only intermittently. In 1890 the Deadwood and Delaware Smelting 
Company built the plant in Deadwood for the treatment of the ores by matte- 
smelting, and under the efficient management of Dr. F. K. Carpenter this method 
of treatment became one of the most successful that had vet been adopted. Since 
its erection the plant has been purchased by the Golden Reward Company and much 
enlarged. Another is now in process of construction at Rapid. 

Within the last three years the cyanide process has been used with increas- 
ing success on these ores. The percentage of extraction is somewhat lower than 
that attained by smelting, but the saving in expense is so great that ores may 
often be profitably handled, even though of lower grade than those economically 
treated by other methods. There are now in operation in the Black Hills eight 
cyanide plants treating the refractory siliceous ores, while numbers of others are 
in process of construction.* 

METHODS OF MIXIXG. 

The methods of mining followed in the siliceous ore regions are extremely 
simple. Shafts are not deep, and in many instances the ore outcrops so near 
the surface that the mining operations may be carried on by means of drifts. 
The loose, incoherent nature of the Cambrian rocks necessitates some timbering, 
but that is generall}" of a very simple character. Lagging is necessary in the 
larger stopes, owing to the lack of rigidity of the shales that often form the roof 
of the ore; but in the smaller shoots the entire ore body is frequently extracted 
without the use of supjwrts of any kind. In much oxidized and decomposed 

1 Detailed accounts of the treatment of the ores will bo foun«l us follows: F. R. CArpcnter. Trunks. Am. Inst. Min. Eng., 
vol. 17. pp. fjTO-'iOS. F. C. Smith. Trans. Am. Inst. .Min. En«:.. vol. 27, pp. 4'^2-Vir,. Charles H. Fulton. Bull. No. 5, 
South Dakota Schrx)l of Mines, February, 1902. 

fc Fulton. C. H., Bull. No. 5, South Dakota School of Mine", p. «m, ?Vbnmry. 1902. 
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areas more careful support of the roof is necessary. In a few mines difficulty 
has been experienced in handling the water, largely on account of the uneven 
and undulating character of the quartzite on which the ores occur, so that the 
location of a sump is never permanent, but nmst be shifted from time to time. 
In large bodies of ore the center of a shoot is generally removed first, pillars 
of ore being left to support the roof if the timbering itself is insufficient; the 
rims and, finally, the pillars are then removed, and all wavSte material in the ore 
is deposited in the center of the stopo. Caving is sometimes resorted to after 
ore has been removed, and gangways left along the edges of shoots, the 
expense of maintaining a large amount of timbering }>eing thus avoided. 

Prmpecting, — Mining property in the siliceous ore region is often sold 
without regard to ore ''in sight,'' so that the method and intelligence with which 
systematic prospecting is carried on has an extremely important bearing on the 
profitable working of the ores. The first step is the determination of the ore- 
bearing beds. This having been decided, the beds are opened up by a shaft, if 
below the surface, or b}' tunnels if exposed; drifts are then run at right angles 
to the prevailing direction of ore shoots in the region. Verticals or ore bodies 
intersected are followed or mined out along their strike, and other crosscut drifts 
are run at considei'able distances from and parallel to the first. In this way an 
exceedingly extensive area may be pros[>ected for all except shoots of extremely 
small size at a nominal expense. Intrusive porphyries occasion some inconven- 
ience, but this can generally be overcome by intelligent work. Mining companies 
that have kept their systematic prosjx^cting in* advance of their ore extraction 
have opened up new shoots l)efore old ones were mined out, thus enabling them 
to produce continuously, while those companies that have not adopted this method 
have been subjected to an expensive and discouraging period of dead work and 
inaction when their ore "in sight" was exhausted. 

FUTURE OF THE HEFRAUTORY SILICEOUS ORES. 

While there are considerable tracts of the ore-bearing beds of the two known 
horizons still unprospected within the exposed rim of Cambrian strata above 
mentioned, the development of such ore bodies as mav there be discovered can 
not maintiiin the production for any gv^at length of time. But there are many 
included dolomite beds between the so-called lower and uppef contacts which 
have been but little, if at all, explored, and which there is every reason to believe 
are mineralized. Upon the prospecting in these beds and the discoveries which 
exploration may make where ore-bearing beds are deeply buried beneath the 
overl^nng limestones of the Carboniferous will depend the future of this class of 
ores. It is therefore necessary to answer the question. How far in these direc- 
4987— Xo. 26—04 11 
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tionri does the mineralized area extend? This is a difficult que«$tion. Three 
conditions determine the occurrence of these ores: (1) The presence of the 
marbleized dolomite or ore-bearing beds; (2) fractures by means of which miner- 
alizers may obtain access to such beds; (8) the percolation of mineralizing waters. 

As }>efore stated, it has been proved that the ore-bearing dolomite occurs 
under much of the limestone to the west of Portland, and the same beds have 
l)een detected far west of Spearfish Canyon, so that it is prolmble that the ore- 
bearing rock is uniforml\' present over extensive areas. 

The presence of fractures is a condition which would also seem to be fulfilled, at 
least so far as the eastern side of Spearfish Canyon is concerned, for the occurrence 
of mineralized fractures in the limestone of Elk Mountain. Ragged Top, and Carbon- 
ate indicate that verticals ma}' be likewise present in the Cambrian below. 

The third and, perhaps, most essential condition, however, that there should have 
been mineralizing action upon these deeply buried sti"ata is one which only develop- 
ment can determine. If we are to consider the Ragged Top ores, which are of the 
same general character as the majority of refractory siliceous ores, to be the work of 
ascending waters, then it is not improbable that these deeply buried beds have 
been mineralized; but as the evidence on this point is by no means conclusive no 
argument can be based on such an assumption. That refractory siliceous ores have 
been found in the Cleopatra mine in the bed of Squaw Creek and are also reported 
by Carpenter** from Cold Creek to the east may be taken as an indication of the 
future value of the region, and are certainly sufficient grounds for a careful and 
extensive prospecting. In general there does not seem to be any reason why ore 
bodies should not occur beneath the Carboniferous, and if they do this class of ores 
may continue to be an important factor in the gold production of the Black Hills for 
many years. 

PYRITOUS ORES. 

Under this head are included ores of gold that show usually a heavy pyritic 
content with which are sometimes associated other sulphides, such as sphalerite and 
galena. These ores occur at various points within the Spearfish quadrangle and 
have been intennittently mined, but, on account of the small size, irregular character, 
and low grade of the ore bodies, have never been an important factor in the gold 
production of the region. 

Two Bit dutrict, — ^The best-known occurrences of these gold-bearing pyrite 
ores are in Two Bit Gulch. The country rock is here Cambrian shale of varying 
thickness, consisting chiefly of fine gray shale, glauconitic in places; iron-stained, 
shaly sandstones sometimes calcareous in character; and some few layers of dolomitic 
breccia. Interbedded with these Cambrian strata are man}- sills of syenite-porphyry, 

« Trans. Am. Inrt. Min. Eng., vol. 17, 1889 p. 570. 
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coarse rhyolite- or granite-porphyry and other varieties of eruptive rock. At the 
base of the Cambrian series is a heavy and much indurated quartzite, but at no point 
observed by the writer does the banded dolomite or characteristic horizon of the 
siliceous ores occur upon this quartzite. 

The ore bodies generally are the result of mineralization along fractures or 
vertica-ls which cut eruptives and Cambrian strata indiscriminately. The ores are 
composed largely of pyrite, which occurs in heavy, almost amorphous masses in 
the Cambrian shales on or near the basal quartzite, and is reported to have been* in 
the form of shoots of considerable width in the Hardin mine. When fractures 
intersect porphyry the pyrite often occurs in crystalline druses and at times is 
scattered thickly through the body of the eruptive rock. The quartzite is also 
in places heavily impregnated with p3'rite. This pyrite is reported to have ^uelded 
low values in gold, although no authoritative data as to the exact yield are avail- 
able. As pyrite is essential to the smelting of the refractory siliceous ores it was 
hoped that these low-grade ores, if concentrated, might find a local market, but 
for some causes not well understood several trials proved them imsatisfactory. 
The Hardin shaft is the only mine in which bodies of pyrite of workable size 
have been found. Much ill-advised mining has been carried on in this district 
and, although in future these ores may possibly prove to be of value for smelt- 
ing purposes should other sources of supph^ become unavailable, in the light 
of the present development operators would do well to exercise caution in their 
exploitation. 

In their occurrence these ores show quite a strong resemblance to the refrac- 
tory siliceous ores. The fracturing is of later age than the igneous activity and 
so also the pyritization. The mineralizing process seems to have been in the 
nature of a replacement by pyrite of a portion of the different rocks through 
which the fractures pass. 

TUNGSTEN ORES. 

WOLFRAMITE. 
HISTORY. 

For some years prior to 1899 large quantities of what was locally known as 
''black iron" were mined, together with refractory siliceous gold ore, from 
workings in the Lead and Yellow CVeek siliceous-ore areas, as described on page 
151. In most cases this material contained very low values in gold, and was 
sorted from the ore, so that it accumulated in considerable amount on the waste 
heaps of the mines. Some of that from Yellow Creek, however, is reported to 
have j^elded workable gold values. This was shipped to the smelter and there 
treated among other basic ores without suspicion of its special value. In January, 
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capping to that ore. It thu.s appears as a sort of envelope to the siliceous-ore mass, 
which it incloses, or nearly incloses, on all except the lower side. Margins of this 
kind are often from 2 to 2^ feet thick, but the capping portion is generally thinner. 
At other times the wolframite occurs in irregular masses, scattered through the 
siliceous ore, or in stringers and thin, contorted layers in the partiall}'^ silicified 
dolomite. In the Wasp No. 2 mine, in Yellow Creek, it was observed in lenticular 
or kidney-shaped masses in the shaly dolomite. An excellent instance of the first 
or envelope type of o<'currence is to be seen in the Harrison mine, near Lead. In 
the Two Strike mine in the Yellow Creek area it was seen in thin, irregular layers 
replacing the uppermost and more calcareous portion of the basal Cambrian 
quartzite. 

In geneml the ore is separated from the nonmineralized rock b}" a fairly sharp 
line of demarcation; but in not a few cases it grades off so that the ore becomes 
leaner and passes by scarcely perceptible transitions into the country rock. In almost 
all cases considerable silic^itication has extended beyond the wolframite deposition so 
that, without the aid of the mit-roscope, it is difficult to distinguish the original rock 
from quartzite. 

CHARACTER OF WOLFRAMITE ORE. 

As taken from the mines, the wolframite is a dense, black, massive rock of 
fine, granular texture and great weight. It dosel}^ resembles a tine-gmined mag- 
netite; but its greater specific gravity and slightly brownish streak, together 
with the associated minerals, generally render its identification possible. The 
component grains are. in the majority of cases, about one thirty-second inch in 
diameter, and always i^xhibit brilliant cleavage faces. In the portions having 
coarser texture, the grains are one-eighth to one-fourth inch across, and have 
slightly curved surfaces with an extremely brilliant metallic luster. They do not 
possess crystalline boundaries except when the replacement has been but partial 
or when crystals project into cavities. Radiating aggregates or single tabular 
crystals of barite are present in considemble abundance embedded in the body of 
the wolframite, but are more sparsely distributed in the more massive portions. 
They have always attained a perfect crystalline development, which shows that 
they are the earlier formed ingredients of the ore. Irregular cavities or vugs, 
such as are generally to be seen in deposits originating from the replacement of 
one mineral by another, are present throughout the ore in great numbers. These 
are of all sizes, some of them very intricate in form, and often of considerable 
aggregate volume. Their interior surfaces are usually coated with small but well- 
formed crystals of wolfmmite, not unlike marcasite in their form and in the 
manner of their grouping, and with crystal druses of yellowish or bright-green 
scheehte. The crystals of the latter mineral are often of great beauty and per- 
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After a brief period of activit}^ however, operations were rather abruptly 
discontinued, and the district was idle until the year 1896, when operations were 
resumed, although upon a somewhat smaller scale. Work is now being conducted 
in rather a desultory manner. 

Mines that have produced this character of ore are situated in and about the 
town of Galena, most, if not all, of them being upon ore bodies that occur in 
strata of Cambrian age. 

In oixier of their im|X)rttince, the principal producing mines are as follows: 
Richmond (Sitting Bull), Florence, Hester A., Coletta, Merit No. 2, Cora, Car- 
penter, Alexander, Romeo, El Refugio, and Washington. 

The ore that occurs in these mines is as a whole of a much more basic cdar- 
acter than any found in the more westerly ore deposits heretofore described. 
When unoxidized it consists chiefly of pyrite, which is either massive or more 
frequently disseminated through the bod\' of the country rock. With the pyrite is 
associated argentiferous galena and not infrequently small quantities of sphalerite. 
In many cases the galena occurs in seams in the pyrite or as drusas of minute 
crystals lining the interiors of cavities. In all cases where found unoxidized these 
two minerals are associated in this manner. The galena is, therefore, of later 
origin than the pyrite. Occasionally the latter carries low values in gold, but these 
are unimportant, the values that render the mines workable being contained in 
argentiferous galena. In most eases there is but little silica associated with the 
ores, but in the Florence and Richmond (Sitting Bull) considerable amounts of 
secondary silica are found in intimate association with the deposits. In such 
cases the body of the ore is composed largel}^ of secondary silica and pyrite and 
resembles in the mode of its occurrence the refractory siliceous ores. Through 
the silicitied material are scattered irregular bunches and stringers of argentif- 
erous galena and pyrite, but the relations of the two can not be definitely deter- 
mined. The sphalerite is not an essential ingredient, but occurs at times in small 
amounts. The ore lies in shoots or long lenticular bodies of varying thickness 
or width. These follow vertical fractures which traverse the Cambrian strata and 
the intruded porphyry bodies indiscriminately. They sometimes strike in a single 
direction; at others, form several intersecting systems. The trends of the fractures 
are usually constant within any single mineralized area. Displacement along the 
fractures is generall}^ very small, but in some cases throws of as much as 4 feet 
are observed. The shoots vary in width from scarcely perceptible seams to flat 
bodies as much as 20 feet wide; the thickness is generally from a few inches to 2 
feet, though in some instances it is as much as 4 feet. When the fractures are 
open the ore generally fills the intervening space. The rock in which the ore 
occurs is either a quartzite containing considerable calcite as a cement to the 
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sand grains or a shaly limestone that is presumably dolomitic. The ore bodies 
usually lie in the uppermost layers of these ore-bearing beds and immediately 
beneath a capping shale, the fractures sometimes extending beyond the shale beds 
and sometimes terminating in them. This ore-bearing rock in the Florence and 
Richmond, El Refugio, and Alexander mines is about 300 feet above the Algon- 
kian, presumably near the top of the Cambrian series. In the Carpenter and 
Washington the ore-bearing rock is about 100 feet above the schists and is an 
impure and sandy limestone; in th/e Merit No. 2, (^ora, Hester A., Horseshoe, 
(>)met, and Romeo it is a calcareous quartzite at or near the base of the Cam- 
brian and not more than 30 feet above the Algonkian schists. 

The lead-silver values in these ores are very unevenly distributed. Much of 
the ore from the Sitting Bull mine was rich, containing 2,000 ounces of silver per 
ton, but generall}^ the grade was very much lower and considerable quantities of 
the ore yielded only 6 or 8 ounces per ton. 

In the mode of their occurrence these sulphide deposits bear a strong resem- 
blance to the refractory siliceous ores, but are of much more basic composition. 
Both occur in the form of shoots which follow vertical fractures and constitute 
chiefly replacements of the calcium and magnesium carbonates of the country rock. 
It is, however, probable that the replacement in case of these more basic ores 
has not been entirel}" confined to these more readily soluble constituents. While 
the oxidized condition of most of these ore bodies renders it difficult to obtain 
evidence on this point, it is not improbable that a considerable portion of the quartz 
in the country rock has been replaced by pyrite and galena. 

Age of the mineralization, — The fractures along which the ore deposition has 
taken place cut the eruptives, and fillings of sulphide frequently extend into the 
porphyries. The mineralization is, therefore, subsequent to their intrusion. 



CHAPTER III. 
ORES IX rARBOXIFERcH S R<m KS. 

Tlw^ Ifray limestone of the Carhx)iiiferoii> «-ame> two dlstini't varieties of ore: 
II > (}r9rH of irold and silver: (2) ore?< of lead and -ilver. The latter cla^s of ores was 
in pant year.« of very considerable importance, hut the single locality from which 
they were obtained has long since been worked out and they are now chiefly of 
hintorical intercHt. The gold and silver ores are of the refractory t^-pe and of 
comijaratively recent di>>covery. but they are of small >ize and of minor impc»rtance. 
In general the Carboniferou>» rocks have not figured largely in the mineral produc- 
tion of the region. 

GOLD AXD SILVER ORES. 

As stated aVK>ve, these ores are of the refractor^' siliceous tvpe. They include 
the deposits found in the vicinity of Ragged Top Mountain and a small prospect 
found in the neighborhood of Galena. 

RAGGED TOP DISTRICT. 

West of the elevated region, about Crown Hill and Portland, is a broad, flat 
plateau into which streams have incised deep canyons with abrupt, precipitous walls. 
This plateau is formed by the thick, massive strata of gray Carboniferous limestone 
which extend with a slight northerly and westerly dip as far west as the edge of 
Si>eaHish Creek, l)eing then cut through to the underlying Cambrian by the deep 
and precipitous gorge througli which the waters of that creek find egress to the 
surrounding lowlands. Just east of this canyon there rises from that ix)rtion of 
the limestone p]at(?au that lies Ijetween the two forks of Calamity Gulch and the 
low, rounded dome of Ragged Top Mount^iin, a laccolith of phonolite intruded at 
the base of the Carlx>niferous fonnation, and now exposed above the surrounding 
country by the erosion of the uplifted covering. In the flat limestone that surrounds 
this phonolite mass are the ore iKxlies, upon the strength of whose divscovery the 
towns of Balmoral, Preston, and Ragged Top were built. It was formerly thought 
that th(is(^ limestones would 3'ield only lead-silver ores similar to those found about 
4 miles north at Carbonate, but in 18^6 a miner named Wall made the accidental 
discovery of rich ores of gold occuring as irregular l)owlders of silicified limestone 
upon these limestone flats. A typical mining excitement followed and a rush of 
prospectors to the region caused the rapid growth of the above-named towns. 
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The mines that have yielded ore are the Dacy group, the Ulster, the Pete 
Hand prospect, and some small mines on the southern slope of Elk Mountain. 

DACY GROUP. 

The Dacy group comprises a series of seven nearly equally spaced vertical 
fractures just north of Ragged Top Mountain and separated from it by Jackass 
Gulch. Taking them Up from east to west they have the following strikes: 
N. 50^ E., N. 52- E., N. 87- E., N. 58- E., X. 36=^ E., and N. 59^ E. The seventh 
is of comparatively small importance. Numbers of small fractures of comparatively 
insignificant size were also observed. PI. XVII (p. 214) gives an idea of the 
relation of these fractures to the geology. 

These fissures are of various widths at the surface, a maximum being about 10 
feet, from which they range down to extremely minute crevices. In the lower 
portions, where surface alteration has not been extensive, the ore can be observed 
to pass laterally into the limestone walls without disturbing the structure of the 
latter rock. It is of a uniform light-buti' tint which is so nearly the color of 
the surrounding limestone and so perfectly preserves the structure that by the 
eye alone it can be distinguished from the unminemlized country rock only by 
superior hardness and slight yellow tinge. Nevertheless the lines of demarcation 
at either side of the ore body, if examined closel^^ are sharp and somewhat 
undulating. The mineralized zone generally narrows downward so that at a 
maximum depth of about ^0 feet(?) the ore bo<lies are represented by mere 
streaks. 

The ore when followed up to the surface becomes more and more bowlder-like 
and broken on account of the irregular manner in which the disintegration has 
occurred. The gossan itself is composed of large irregular bowlders of extremely 
hard siliceous material, stained red and ])rown by iron oxide, and composed of 
bre(!ciated and irregular fragments of limestone, now wholly altered to silica and 
containing many sharply angular cavities lined with druses of quartz crystals. 
Cavities containing calcite crystals are not infrequently encountered, but occur, 
so far as known, in the poorer (juality of ore. These bowlders are grouped 
in linear arrangement so that they outline the position of the fissure. 

Much of the ore is composed of angular brecciated fragments of what was 
formerly limestone, but has l>een wholly altered to silica. The ore bears strong 
resemblances to the brecciated limestone that is found at many points ih the 
Carboniferous areas where there have been dynamic disturbances but no miner- 
alization. Many fine thread-like crevices, stained by a peculiar pinkish-brown 
oxide, in addition to the silicification, have been found associated with these ores. 
All of this was formerly supposed to be iron oxide, but considering the large 
amount of tellurium present in the ores it is not improbable that it may contain 
an oxide of that metal. 
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MICRO«C'OPIC APPEARANCE. 



Examined under the microscope the ore is found to consist chiefly of sec- 
ondary quartz in irregularl}'^ bounded individuals, which do not show crystalline 
boundaries except where open spaces have allowed their formation. A little 
opaline silica Ls also present. The yellow color seems to be due to the presence 
of a uniformly distributed pinkish-brown pigment, which is spread between the 
grains of quartz in such thin films that its character can not be definitely deter- 
mined. Some of the richest portions of the ore show excessively minute opaque 
particles, that ma}' be metallic. In one specimen of ore, carrying $8.05 per ton, 
a small speck of metallic mineral resembling sylvanite was detected, but in gen- 
eral tellurides, if present, have been completely oxidized. 



CHEMICAL CHARACTER. 



Two analyses are given below. No. 1 was taken from the paper b}' F. C. Smith.* 
No. II was made by W. F. Hillebrand in the laboratory of the United States 
Geological Survey. 



8iC\ . . 
Al,()a. 
Fe,0,. 
FeO.. 
MrO. 
CaC. 
BaC. 
Na,(). 
K,0.. 



Li,0 

H,O-105° 
H,O-hl05° 
CO, 



Volatile matter 

8 

Au 

Ag 

Te.. 



Total. 



90.990 
2.970 



3.024 
Trace. 

Not det. 
Not (let. 
Not det. 
Not det. 

.110 



.802 

Not det. 

«>.053 

ft. 003 

ft. 091 



99.181 



II. 



Percent. 

96.27 
.28 
.2« 
.19 
.19 
1.16 
.06 
.05 
.11 

Strong trace. 
.03 
.42 
.96 



.05 
<-.06 
<?.02 
''.03 



100.12 



a Trans. Am. Inst. Miii. Eng., vol. 27, p. 418. 

b The writer has taken the liberty of calculating out the percentages of Au,, Ag., and Te, given by Profeasor Smith 
in ounces, and adding them to the same total. 
e Direct determination. 
d Perhaps low. 
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By assay {ounces per ton of 2^000 poimds). 





I. 


11. 


Te 




29.26 

17.34 

1.21 




Au 




15.25 


Ae 


4.75 









The silica will be at once seen to constitute almost the entire body of the 
rock, only a small amount of calcium and magnesium remaining un replaced. The 
alumina probably represents some original impurities in the replaced limestone, 
as also the soda, potash, and lithia. The volatile matter in analysis No. I is 
probably equivalent to the COj in No. IT, the latter ingredient resulting from a 
small amount of carbonates in the ore. It seems probable that the iron in No. I 
is not all ferrous, but some should be given as ferric iron. It is customary in 
the analyses of these ores, which are made for commercial purposes, to calculate 
all the iron as ferrous. The alkalies were probably contained in the original 
limestone and the small amount of barium may have existed in that rock or have 
been introduced at the time of mineralization. 

At the foot of analysis No. I in the paper on these ores Professor Smith 
makes the following statement: 

Combining the gold, silver, and tellurium in the above analysis we find them existing in the 

following relative percentages: 

Per cent. 
Tellurium 61.20 

Gold 36.27 

Silver 2.53 

Total 4 100.00 

This closely approximates the composition of sylvan te according to Klaproth's analysis. 

It will be noticed that in Analysis II the proportions are different, the per- 
centage of silver being greater and that of tellurium relatively low. Some of 
the tellurium may, however, have been removed during the process of alteration. 
The sulphur shown in Analysis II may perhaps be combined with a portion of 
the ferrous iron in the form of pyrite. 

On the whole the presence of tellurium in these ores seems to offer the most 
plausible explanation of their refractory character, and in the light of present 
knowledge it is not easy to suggest any other cause that will account for the 
difficulty of treatment. 

METALLIC STREAK MINE. 

This mine is situated on the southwest side of Ragged Top Mountain, just across 
Calamity Gulch, on the top of the limestone plateau. It comprises a series of shal- 
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fection. In some cases, cavities are filled with white or glassy cr3^stals of barite. 
In a few instances, the leaner wolframite from Yellow Creek shows long, slender 
crystals of stibnite, radiating from a common center, much in the manner of 
the spicules of a radiolarian. 

Despite the decomposed and gouge-like character of the country rock, altera- 
tion has not generally taken place to any noticeable degree. When the ore has 
been long exposed to atmospheric conditions, however, a mineral of gold-yellow 
color, in glistening druses of extremely minute crystals, ver\" often coats the sur- 
face. This has been considered by Forsyth^ as suggestive of tungstite, or 
tungsten trioxide; but none of that collected by the writer gave satisfactory 
results to tests for tungsten, and its true character has not yet been determined. 

Under the microscope the ore, when very pure, shows little besides the dense, 
opaque wolframite. Occasionally, interstitial masses of clear, glassy quartz are 
observed, filling the spaces formed by the crystal faces of wolframite. When 
sufficiently lean to permit the use of transmitted light, however, the wolframite 
may be seen to be made up of innumerable small crystals, which are generally 
well developed, but interfere with one another at their extremities. There are 
thus left between the wolframite individuals many irregular spaces, always bounded 
b}' plane surfaces and usually filled, either with secondary quartz or by grains 
of original detrital quartz, about which enlargements caused by later added silica 
have formed complete crystals. In some specimens large crystals of barite are 
to be seen. Scheelite occurs interstitial to the wolframite. Sections of the ore 
cut from the portion where it passes into the unreplaced rock show a mod- 
erately abrupt transition from massive wolframite to partially replaced material, 
with interlocking crystals, which gradually become more sparsely scattered, until 
they finally disappear in the barren rock. The latter is generally heavily silicified 
beyond the limits of the wolframite, so that the microscope shows, if polarized 
light be used, that the rock is almost wholly composed of silica. If, however, 
the polarizer be removed, nothing can be seen but the sharp outlines of irregular 
rhombs, such as constitute the body of the usual type of dolomite before minerali- 
zation, the original carbonate having been replaced with such delicacy that its 
structure has been perfectly preserved. 

CHEMISTRT. 

The following analyses were made by Mr. W. F. Hillebrand in the laboratory 
of the United States Geological Survey. Both analyses are of specimens of the 
purer and more massive portions of the wolframite. No. I is of a specimen 
taken from the Two Strike mine in Yellow Creek. It is complete, and may be 
assumed to show the average composition of the wolframite. No. II is a speci- 

a Black Hills Mining Review, vol. 6, No. 32, pp. 14. 15. 
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men from the Harrison mine, near Lead. It is only partial, but is inserted to 
show the relatively high percentage of lime. 

Analyses of wolframiU ore. 



I. 



II. 



Percent. 

SiO, ' 12.87 

WOj , 61.50 

FeaO, ; 3.85 

FeO 9.18 

AlA .52 

MnO 8.21 

CaO : .93 

SrO .02 

BaO .04 

KjO-f-Na^O-fLijO .08 

HA below 105° C 20 

HA above 105° C '. ] .87 

AsjOj 1.25 

P,05 i .12 

VA Trace. 

S or SOs Trace. 

Total 



Per cent. 
9.60 
61.70 
o 12. 67 



7.21 
5.39 



99.64 



6.10 



a Detennlned as FcjOs, includes FeO. 6 Approximate. 

Assays of I. — Gold, 0.05 oz. per ton; silver, 0.25 oz. per ton. 
Extremely minute traces of Mg, Zn, Cu, Sb, and Sn were also found. 

While it is not possible to calculate from these analyses the exact mineral 
composition of the ore, on account of the difficulty of determining the form in 
which the minor ingredients are present, the relative proportions of the more 
important constituents may be roughly calculated as follows: 

Proportioiis of principal minerals. 



Wolframite (FeMn) WO4- 

Quartz, SiOj 

Scheelite, CaWO^ 

Barite, BaSO* 

Ferric oxide, Fefi^ 

Water, H,0 

Arsenic oxide 

Residual clay (kaolin) 



I. 


II. 


Percent. 


Per cent. 


75.60 


51.58 


12.54 


9.60 


4.77 


27.68 


.06 




3.85 




.20 




1.25 




1.34 
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It will at once appear from these tables that the ore is contaminated chiefly 
by scheelite and quartz. The first has probably been formed by the combination 
of some of the tungstic acid with the original lime of the mineralized beds, while 
the silica may have been either a portion of the unreplaced quartz, which occurs 
in grains throughout the country rock, or later formed silica, introduced at the 
time of mineralization. 

For metallurgical purposes it is probable that the minor constituents, such 
as arsenic, vanadium, and especially phosphorus, may seriously impair the utility 
of the ore. Analysis No. 11 is interesting as showing a relatively large proportion 
of scheelite. 

CONCENTRATION. 

As only the purer and more massive ore carries a sufficiently high percentage 
of tungstic acid to meet the requirements of the smelters, it has been found 
necessary to concentrate a considerable portion of the material mined. At some 
of the mines the crude method of hand sorting and trimming off of gangue by 
hammers is adopted. For this purix)se fi considerable number of men must be 
employed and the cost must be heavy; but the value of the ore seems to justify' 
even this expense. Of late, experiments have been made with various wet 
methods of concentration; and Forsyth'' discusses in some detail the several 
processes which have been tried. He shows that the chief difficulty lies in the 
production of slimes, and that, in cases where considerable gold values occur in 
the ore, the}" pass into the concentrates and not into the tailings. This difficulty 
is, however, of minor importance, as the ore rarely carries any appreciable 
amount of precious metals. At the time that the mines were visited it was 
suggested that these ores, which are cjuite strongly magnetic, might readily be 
separated by the Wetherill concentrator; and in the opinion of the writer the 
difficulties that have been encountered might thus be obviated. It will be 
interesting to note the result of such experiments. 

VALUE. 

The Mineral Industry for 1899 shows that the tungsten market is a somewhat 
fluctuating one, and it is not therefore possible to give any exact idea of the 
value of the ore; but it is reported to have been sold at from $100 to $250 per 
ton according to the percentage of tungstic acid present and the date of sale.* 

DISCUSSION. 

Wolframite is not a common mineral, and its occurrence in bodies of sufficient 
size to be profitably worked is rare. Deposits have been found recently in 
Arizona and Nevada and at a few other localities in the United States.'' 



'I Black Hillfl Mining Review, vol. 5, p. 15. 
Mbid., p. 15. 

<* A very compreheniive summary of the tungsten deposits of the United States may be found in the volume of the 
U. S. Qeol. Survey on Mineral Kesoorces for 1899-1900, pp. 300-304. 
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So far as the writer, has been able to determine, the associations in which 
wolframite ores are found are two: 

1. As a constituent of pegmatitic granites, usually of the type known as 
greisen, and frequently more or less closely associated with ores of tin. Such 
deposits occur in the Black Hills in the ^Mgger Hill and Etta tin districts, but 
the material is there crystalline, and is generally believed to have resulted from 
pneumatolitic action. 

2. In quartz veins, in granite or other rock of related character. Most of 
the more recent discoveries belong in this class; for instance, those in the Dragoon 
Mountains of Arizona; at Murray, Shoshone County, Idaho; Osceola, Nev. ; San 
Juan County, Colo.; etc." 

The familiar case of the wolframite of the Cornwall tin region is in part 
comparable with both of these types. 

It will at once appear that neither of these two classes of deposits bears any 
resemblance to those under discussion, and it is evident from the manner in 
which the ore occurs that it is to be ascribed to the same mineralizing agencies as 
the deposition of the siliceous ores. The association of the latter with fractures, 
the occurrence in an easily replaced rock, and the manner in which original 
structures have been preserved in the ore hav^e been shown to prove that they 
are due to the replacement of carbonates by siliceous material. In the case of 
the wolframite there seems no reason to doubt that the same series of events has 
taken place, although a partial replacement of quartz ma\' have occurred at the 
same time. First there was a fnicturing of the country rock, then the replacing 
action of mineralizing waters which gained access to the replaceable strata by 
means of the fractures, and tinalh' a gradual interchange of carbonate (and 
possibly of some quartz) for wolframite, molecule by molecule. 

luT.AJy AXB SIL^TSR ORES. 

LEAD-SILVER OKES OF GALENA AND VICINrFY. 

The greater part of the data upon which the discussion of these ores — at least, 
in the vicinity of Galena — is based is taken from the field notes of Mr. G. W. 
Tower, formerly of the United States Geological Survey. The writer has merely 
assembled Mr. Tower's descriptions and formed from them the generalized 
statements that follow. 

The lead-silver ores of Cialena and vicinity once filled an important place in 
the mineral production of the northern Black Hills. About twenty years ago a 
smelter was in operation, and seveml mines were producing heavily, the Richmond 
or Sitting Bull mine especially having figured quite prominently in the silver 
production. Smith* gives the total output as ''little short of $750,000." 

a Mineral Resources, 1899-1900, pp. 300-304. ftTrans. Am. Inst. Mln. Eng., vol. 27, p. 427. 



CHAPTER III. 
ORES IN CARBONIFEROl'S ROCKS. 

The gray limestone of the Carboniferous carries two distinct varieties of ore: 
(1) Ore^s of gold and silver; (2) ores of lead and silver. The latter class of ores was 
in past years of very considerable importance, but the single locality from which 
they were obtained has long since been worked out and they are now chiefly of 
historical interest. The gold and silver ores are of the refractory type and of 
comparativel}' recent discovery, but they are of small size and of minor importance. 
In general the Carboniferous rocks have not figured largely in the mineral produc- 
tion of the region. 

GOIiI> AXD SIL.VER ORES. 

As stated above, these ores are of the refractory siliceous type. They include 
the deposits found in the vicinit}' of Ragged Top Mountain and a small prospect 
found in the neighborhood of Galena. 

RAGGED TOP DISTRICT. 

West of the elevated region, about Crown Hill and Portland, Is a broad, flat 
plateau into which streams have incised deep canyons with abrupt, precipitous walls. 
This plateau is formed by the thick, massive strata of gray Carboniferous limestone 
which extend with a slight northerl}" and westerly dip as far west as the edge of 
Spearfish Creek, being then cut through to the underlying Cambrian by the deep 
and precipitous gorge through which the waters of that creek find egress to the 
surrounding lowlands. Just east of this canyon there rises from that portion of 
the limestone plateau that lies between the two forks of Calamity Gulch and the 
low, rounded dome of Ragged Top Mountain, a laccolith of phonolite intruded at 
the base of the Carboniferous formation, and now exposed above the surrounding 
country by the erosion of the uplifted covering. In the flat limestone that surrounds 
this phonolite mass are the ore bodies, upon the strength of whose diwscovery the 
towns of Balmoral, Preston, and Ragged Top were built. It was formerly thought 
that these limestones would yield only lead-silver ores similar to those foimd about 
4 miles north at Carbonate, but in 1896 a miner named Wall made the accidental 
discovery of rich ores of gold occuring as irregular bowlders of silicified limestone 
upon these limestone flats. A t^'pical mining excitement followed and a rush of 
prospectors to the region caused the rapid growth of the above-named towns. 
172 
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The mines that have yielded ore are the Dac}' group, the Ulster, the Pete 
Hand prospect, and some small mines on the southern slope of Elk Mountain. 

DACY GROUP. 

The Dacy g^roup comprises a series of seven nearly equally spaced vertical 
fractures just north of Ragged Top Mountain and separated from it by Jackass 
Gulch. Taking them up from east to west they have the following strikes: 
N. 50- E., N. 52^ E., N. 87^ E., X. 58"- E., N. 36- E., and N. 59^ E. The seventh 
is of comparatively small importance. Numbers of small fractures of comparatively 
insignificant size were also observed. PI. XVII (p. 214) gives an idea of the 
relation of these fractures to the geology. 

These fissures are of various widths at the surface, a maximum being about 10 
feet, from which they range down to extremely minute crevices. In the lower 
portions, where surface alteration has not bc^en extensive, the ore can be observed 
to pass laterally into the limestone walls without disturbing the structure of the 
latter rock. It is of a uniform light-butf tint which is so nearly the color of 
the surrounding limestone and so perfectly preserves the structure that by the 
eye alone it can be distinguished from the unminemlized countr}'^ rock only by 
superior hardness and slight yellow tinge. Nevertheless the lines of demarcation 
at either side of the ore body, if examined closely, are sharp and somewhat 
undulating. The mineralized zone generally narrows downward so that at a 
maximum depth of about GO feet(?) the ore bcxlies are represented by mere 
streaks. 

The ore when followed up to the surface becomes more and more bowlder-like 
and broken on account of the irregular manner in which the disintegration has 
occurred. The gossan itself is composed of large irregular bowlders of extremely 
hard siliceous material, stained rod and brown by iron oxide, and composed of 
brecciated and irregular fragments of limestone, now wholly altered to silica and 
containing many sharply angular cavities lined with druses of quartz crystals. 
Cavities containing calcite crystals are not infrequently encountered, but occur, 
so far as known, in the poorer quality of ore. These bowlders are grouped 
in linear arrangement so that thev outline the position of the fissure. 

Much of the ore is composed of angular brecciated fragments oi what was 
formerly limestone, but has l)een wholly altered to silica. The ore bears strong 
resemblances to the brecciated limestone that is found at many points ii\ the 
Carboniferous areas where there have been dynamic disturbances but no miner- 
alization. Many fine thread-like crevices, stained by a peculiar pinkish-brown 
oxide, in addition to the silicification, have been found associated with these ores. 
All of this was formerly supposed to be iron oxide, but considering the large 
amount of telluriiun present in the ores it is not improbable that it may contain 
an oxide of that metal. 
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MICROSCOPIC APPEARANCE. 



Examined under the microscope the ore is found to consist chiefly of sec- 
ondary quartz in irregularly bounded individuals, which do not show crystalline 
boundaries except where open spaces have allowed their formation. A little 
opaline silica is also present. The yellow color seems to be due to the presence 
of a uniformly distributed pinkish-brown pigment, which is spread between the 
grains of quartz in such thin films that its character can not be definitely deter- 
mined. Some of the richest portions of the ore show excessively minute opaque 
particles, that ma}^ be metallic. In one specimen of ore, carrying $8.05 per ton, 
a small speck of metallic mineral resembling sylvanite was detected, but in gen- 
eral tellurides, if present, have been completely oxidized. 



CHEMICAL CHARACTER. 



Two analyses are given below. No. I was taken from the paper by F. C. Smith.^ 
No. II was made by W. F. Hillebrand in the laboratory of the United States 
Geological Survey. 



SiOj 

AlA 

Fe^Os 

FeO 

MgO 

CaO 

BaO 

Na,() 

K,0 

Li,0 

H,O-105° .... 

H,O + 105° 

CO, 

Volatile matter 

8 

Au 

Ak 

Te .. 

Total 



I. 



Percent. 
90.990 
2.970 



3.024 
Trace. 

Not det. 
Not det. 
Not det. 
Not det. 

.110 



.802 

Not det. 

^'.OS.S 

fe.003 

^'.091 



99.181 



I 



II. 



Percent. 

96.27 
.26 
.26 
.19 
.19 
1.16 
.06 
.05 
.11 

Strong trace. 
.03 
.42 
.96 



.05 
^06 
^.02 



100.12 



a Trans. Am. Inst. Min. Eng., vol. 27, p. 418. 

ft The writer has taken the liberty of calculating out the percentages of Au., Ag., and Te, given by Prof easor Smith 
in ounces, and adding them to the same total. 
o Direct determination. 
d Perhaps low. 
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By assay {minces per ton of 2^000 pounds). 
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I. 


II. 


Te 


29.26 

17.34 

1.21 




All 




15.25 


Ac 


4.75 







The silica will be at once seen to constitute almost the entire body of the 
rock, only a small amount of calcium and magnesium remaining un replaced. The 
alumina probably represents some original impurities in the replac^ed limestone, 
as also the soda, potash, and lithia. The volatile matter in analysis No. I is 
probably equivalent to the COg in No. II, the latter ingredient resulting from a 
small amount of carbonates in the ore. It seenLs probable that the iron in No. I 
is not all ferrous, but some should be given as ferric iron. It is customary in 
the analyses of these ores, which are made for commercial purposes, to calculate 
all the iron as ferrous. The alkalies were probably contained in the original 
limestone and the small amount of barium may have existed in that rock or have 
been introduced at the time of mineralization. 

At the foot of analysis No. I in the paper on these ores Professor Smith 
makes the following statement: 

Combining the gold, pilver, and tellurium in the above analysis we find them existing in the 

following relative percentages: 

Per cent. 
Tellurium 61.20 

Gold 36.27 

Silver 2.53 

Total 4 100.00 

This closely approximates the composition of sylvante according to Klaproth's analysis. 

It will be noticed that in Analysis II the proportions are different, the per- 
centage of silver being greater and that of tellurium relatively low. Some of 
the tellurium may, however, have been removed during the process of alteration. 
The sulphur shown in Analysis II may perhaps be combined with a portion of 
the ferrous iron in the form of pj^rite. 

On the whole the presence of tellurium in these ores seems to offer the most 
plausible explanation of their refractory character, and in the light of present 
knowledge it is not easy to suggest any other cause that will account for the 
difficulty of treatment. 

METALLIC STREAK MINE. 

This mine is situated on the southwest side of Ragged Top Mountain, just across 
Calamity Gulch, on the top of the limestone plateau. It comprises a series of shal- 
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low diggings from which are quarried flat bodies* of red-stained limestone that are 
reported to r-arrv as high a.s 1510 to §25 per ton in gold. Associated with this 
ore are certain irregular patched) of siliceous material resembling the Ragged Top 
ores in many respects, but carrying less gold, and often heavily impregnated 
with pur|jle fluorite. The latter material also f>ccurs in dense, sandy masses and 
in geneml does not carrj' much gold. In a few i-ases there ai-e masses of brei*- 
elated material parallel with the Ijedding. cemented by brown-stained silica. The 
deposits are small and irregular and now so decomposed that their relations can 
not )>e readily appreciated. 

ULSTER MINE. 

The Ulster mine is situateil on the n<»rth side of Long Valley about one-tliird 
of a mile north from the town of Preston. The country rock is Carboniferous 
limestone. A little north of the mine is an irregular hill composed of eruptive 
rock, while the mine is also intimately associated with irregularly intnided masses 
of rhyolite and phonolite. The ore occurs as irregular masses of silicitied lime- 
stone with which are associated quantities of brilliant purple tluorite. These 
masses are generally in the limestone at the contact of that ix)ck with irregular 
bodies of porphyry. The porphyry is often so decomposed as to be little mon* 
than soft clay. The portion containing fluorite is usually lower in gold than 
other parts of the rock, and the highest values are contained in the dark-colored 
silicified limestone. Much of the ore from this mine carried ver\* high values, 
some of it yielding as much as ^2,(mX> per ton in gold. The greater pjirt of 
the ore was taken from surface workings and from a large number of shallow 
shafts, but the conditions are now such that but little can be made of the gen- 
eral relatione of the ore. 

Irregular bodies of silicified limestone have been found at many Icx^lities 
at various points on this limestone plateau, lx)th northward as far as the junction 
of Spearfish and Scjuaw creeks, and southward to a point south of the Burling- 
ton and Missouri River Railroad. Many of them, such as the Pete Hand prospects 
carry a moderate amount of gold, but none at present writing suflicient to admit 
of mining operation. 

ORIGIN OF THE ORES. 

The general character of the ores is such that they may be readily seen to 
ho replacements of limestone br silica and fluorite with small quantities of gold, 
silver, and tellurium. Whenever sufficiently exposed to admit of observation they 
are associated witli fractures which, in the case of Ragged Top deposits, have been 
traced downward for more than 800 feet. If it is assumed that the deposits were 
formed by ascending solutions the differing lithologic conditions will account for 
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their difference from tlie siliceous ore bodies, which is chiefly one of form. The 
country rock here is a massive, homogeneous limestone in which there seems, to 
be nothing that would favor a concentration of ore at any particular horizon, 
whereas, in the Cambrian deposits, there have been impervious shale beds or sheets 
of porphyry which have caused the mineralization to spread out away from the 
verticals at definite horizons. 

liKAD AXD SILVER ORES. 

CARBONATE DISTRICT. 

On the north side of Squaw Creek, near the point where it enters Spearfish 
Canyon, is the town of Carbonate. This was a flourishing camp in 1886 and 
produced considerable silver and lead. A smelter was built and during a number 
of years was in active operation. The production of the Iron Hill mine, the 
largest and most important mine in the district, is given below. It is probable 
that considerable ore was produced by other mines which were active from time 
to time. For the years 1889 and 1890 no output is reported, and it is probable 
that the mine was idle during that period, although the writer could obtain no 
definite information on that point. 

Production of Iron Hill mine, Carffonate camp. 

1885 $13,394 

1886 372,120 

1887 259,942 

1888 15,000 ' 

1891 /. 6,762 

Total 667,218 

The country rock that carries the ore in the Iron Hill mine is the gra}^ 
Carboniferous limestone in which sills, dikes, and irregular masses of porph^-ry 
have been intruded. The ore bodies are of two kinds: large, irregular bodies of 
lead carbonate, which pass in places into more or less unaltered galena, generally 
in close contact with porphyry masses; and partially filled crevices which resemble 
in a general way the verticals of Ragged Top described on page 173. 

The first type of deposit is that which has formed the chief source of silver in the 
district, and silver, as shown above, was largely obtained from the Iron Hill mine. 
In this mine the ore was a large mass of argentiferous lead carbonate which ex- 
tended down for 300 feet on the east side of a thick dike of fine-gmined white 
porphyry. Much galena was also found together with the carbonates, and after 
the ore was worked out a seam or vertical was detected extending downward 
from the main mass. Other pockets of ore were also found at different 
points, and in one place a pocket of vanadinite containing 4 or 5 tons was en- 
4987— No. 26—04 12 
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countered. Mr. Fowler reports the occurrence of the following minerals: Gralena, 
cerussite, cerargyrite, matlockite, wulfenite, pyromoiphite, plattnerite, atacaniite, 
and vanadinite. This type of ore resembles in its general character and in its 
association with porphyry bodies, the deposits described by Mr. S. F. Emmons, 
from Leadville, Colo.'* Too little is known, however, regarding the details of the 
ore occurrence to afford any more definite idea of the manner in which it origi- 
nated than the simple fact that it is probably a replacement of the limestone. 

Of the second type of occurrence the most important case is that at the Seabury 
mine. This consists of an irregular crevice striking S. 85^ W. and running 
through the Seabury, Iron Hill, Segregated Iron Hill, and Adelphi mines with 
a possible continuation in the Spanish R, a mine in which some ore was obtained 
but at too great a distance for its relation to the others to be clearh' made out. 
This crevice varies from 1 to 20 feet in width. The sides consist of a ferruginous 
jasperoid material which replaces the limestone often for 2 or 3 feet from the 
crevice and contains at times galena, lead carbonates, and cerarg\'rite in sufficient 
amount to be profitably worked. Cerargyrite most frequently occurs as a thin 
film covering druses of fine quartz crystals which form linings to cavities. 

The center of the crevice was loosely filled by a soft, ferruginous, gouge- 
like pinkish-red matter containing gold. A large quantity of this ore is 
reported to have been mined from the Seabury, and also from the west side of 
the porphyry dike in the Iron Hill. 

To the north of the Seabury mine is a series of shafts situated along a line 
which strikes N. 74^ W. These are the Far West, Rattler, Enterprise, Wilker- 
son, and Hartshorn shafts. None of them are now accessible, but they are 
reported to have been sunk on a second crevice of similar character to that just 
described. Only small amounts of ore were obtained from these workings. 
Numerous other small iron-stained seams or partially opened crevices may be 
observed in different places on the surface, but they do not seem to have been 
productive. 

Since 1891 there seems to have been but little work done in this district, no 
output being recorded for that period. Within the last year, however, a small 
35-ton cyanide plant has been erected to treat the tailings from the old smelter.* 

aEmmonM, S. F., Geology and Mining Industry of Leodvllle, Colo.: Mon. U. 8. Geol. Survey, vol. 12, p. 886. 
frFulton, C. H., Bull. South Dakota School of Mines No. 5, p. 65. 



CHAPTER IV. 
ORE DEPOSITS IN ROCKS OF RECENT ORIGIN. 

PLACER DEPOSITSi 

At many points throughout the hills auriferous gravels of comparatively 
recent origin have been worked, and constituted in early days the most 
important source of gold in the region. Here, as in many mining districts, 
their discovery evidently ted to that of the large and more permanent lodes. 
Nearly all of the large gulches that lie well within the Black Hills uplift contain 
gold in some quantity, but it is chiefly those that head up in the areas of 
Algonkian rocks that have yielded large returns. The productive placers have 
been found in greater numbers in the southern portion of the hills than in the 
northern, but of those in the latter region the famous Deadwood placer and 
Nigger Hill placers have been important. The gold in these placers is all derived 
originally from the Algonkian rocks, for as the siliceous ores contain free gold 
only m rare instances it is not probable that thev have added to the placer gold 
derived from other sources. The great comparative richness of the Deadwood 
placer has been shown by Devereux to be the result of a double concentration — 
first, in the formation of the fossil placers or cement deposits at the base of 
the Cambrian, and, later, in the sorting of the material derived by their disinte- 
gration. The Nigger Hill placers are comparatively small but numerous and 
have yielded rich returns for the area mined. When the gold from these ores 
is panned it is found to be mingled with great quantities of tourmaline and 
cassiterite and innumemble small red garnets, typical minerals of the Algonkian 
rocks, while to many of the nuggets and grains of gold are found attached 
fragments of glassy quartz, and in a few cases flakes and small masses of talcose 
schist. Some speculation has taken place regarding the richness of the lode from 
which the placers of the Nigger Hill region seem to have originated and 
prospectors have been at considerable loss to explain the continued failure to 
find the mother lodes. It is well, however, to bear in mind that nature is a 
natural concentrator and that rich placers may readily have been derived from 
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quartz ledges in which the ^old was so sparsely distri})uted as to offer no 
encouragement to the prospector. The continued action of erosive agencies 
through great geological ages by operating on great quantities of material has 
concentrated the nuggets of gold and made them easily accessible to the miner, 
when in their original condition they may have been separated by so great areas 
of barren rock as to admit of no mining operations. In general the placers are 
not now productive. Many of those worked out are still yielding very small 
quantities of gold and enable some of the poorer miners to earn a livelihood, 
but as a factor in the mineral wealth of the hills their importance is largely 
historical. 



CHAPTER V. 
DETAILED DESCRIPTIONS OF MINES. 

This chapter i^ designed to include detailed descriptions of mines which have 
not been separately treated in the previous pages. The mines have been grouped 
together comformably with the general arrangement^ of the paper; that is, basal 
Cambrian conglomerates are first treated, and then the refractory siliceous ores. 
As the mines working upon the other types of deposits are but few in number, 
their descriptions have been given with their general discussion and are not 
repeated here. 

3Il]SliS IN AURIFEROUS CAMBRIAN CONGIiOMERATE. 

These mines are situated in the vicinity of Lead on the gold-bearing con- 
glomerates ai the base of the Cambrian series, isolated remnants of which lie on 
the tops of hills of schist, such hills forming an old Algonkian surface which 
dips in a general way eastward from the Homestake outcrop. 

There are five productive areas, all but one of which are located on the east 
side of the Homestake lode. The remaining one is on the hill between the Home- 
stake open cut and Poorman (julch. 

Beginning on the north the following mines have been worked on the four 
areas to the east of the Homestake (see PI. VI). On the north side of Blacktail 
Gulch, beneath the heavy cap of rhyolite, the Minerva and Deadbroke mines have 
opened up a large area of gold-bearing gravel. These mines have been described 
on pages 106-110. Between Blacktail and Hidden Treasure gulches are the 
Baltimore and Deadwood, Esmerelda, and Hidden Treasure mines. These are 
now inaccessible. On the area next south, which lies on the crest of the divide 
between Blacktail and Deadwood gulches, are the Pinney open cut. Omega, and 
Deadwood-Terra mines. The first two are described below and the third was 
not visited. 

About 1,600 feet southeast of the last-named area, beneath the thick cap of 
rhyolite which forms the top of a high hill just east of the Caledonia open cut, 
are the Hawkeye-Pluma, Gentle Annie, and Monitor mines, which have opened 

181 



182 EOONOMIO RESOURCES OF NORTHERN BLACK HILLS. 

up a large area of gold-bearing conglomerate. These three mines, the Monitor 
in particular, have been very important producers, and they are described in 
detail below. 

On the west side of the Homestake lode, between the Homestake open cut 
and Poorman Gulch, is the remaining area which was worked by the Durango 
and Harrison mines. Descriptions of these mines will be found on page 105. 

Pinney open cut, — This is the most northeasterly of the 3 mines operated on 
a small area of conglomerate occupying the divide between Deadwood and Bobtail 
gulches. It is located on the extreme north end of a small spur, hence just east 
of the buried outcrop of the Homestake lode. It was one of the earliest opened 
mines of gold-bearing conglomerate in the region and yielded much rich ore, all 
highly oxidized. White quartz in the nature of broken ledge matter is said to 
have been mined from here, yielding very rich returns. 

Omega mine. — Southeast of Pinney open cut are the workings of the Omega 
mine. A tunnel runs west fron the upper Terraville road through Algonkian 
schists and the ore is mined through raises into the conglomerate above. The 
conglomerate is about 12 feet thick and lies under a roof of friable, shaly sands. 
The stopes of the old mine are largely caved. The conglomerate was oxidized 
and contained a great number of fragments of schists of somewhat angular 
character; the remaining material was oxide of iron. Lenticular masses of quartz 
were encountered in the schist. They strike northwest and dip east, and are 
said to carry free gold in workable amount. They are supposed to be small 
veins parallel to the main Homestake ore body. The value of the ore in the 
Omega mine is reported by the management to be $6 per ton, of which $1.80 to 
%^ can be saved by amalgamation. The rest is refractory and can only be 
extracted by cyan i ding. 

MONITOR, GENTLE ANNIE, AND HAWK EYE PLUM A MINES. 

These three mines open up the area of gold-bearing conglomerate that lies 
beneath the heavy porphyry cap on the hill east of the C'aledonia ore body. The 
floor of this area slopes sharply east away from the summit of the hill. 

Monitcrr, — The most northerly of these three, the Monitor, is opened by a 
tunnel at the head of the South Fork of Bobtail Gulch. The tunnel extends south- 
eastward and the workings run east and south so as almost to connect with those 
of the Gentle Annie and Hawkeye-Pluma mines. The tunnel which opens up the 
mine is in the Algonkian schist some distance below the conglomerate outcrop. 
It passes southeastward through schist into a large basin-like mass of conglom- 
erate in which great chambers, often 20 feet high ancl 100 feet wide, have been 
excavated. The roof is a friable, cross-bedded sand, often loosely coherent and 
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interrupted by bands of a finer texture composed of sand, scales of mica, and argil- 
laceous material. In the roof is a series of iron-stained fractures following many 
different directions and intersecting one another. Some of these can be traced 
down into the ore, where they become lost among the pebbles of the conglomerate. 
The latter contains many very large bowlders and numerous fragments of schist. 
It is cemented by oxide of iron, but in many places this passes gradually into a 
matrix of pyrite. Where the workings approach those of the Pluma mine little 
or no oxidation has taken place and the quartz pebbles are embedded in a solid 
pyritic matrix sometimes showing cavities lined with druses of the same mineral. 
The conglomerate is frequently interrupted by interbedded layers of quartzite. 

Gentle Annie. — ^The workings of this mine are situated east and slightly 
north of those of the Monitor. They are opened by a tunnel at the head of the 
gulch next east from Bobtail, which is tributary to Deadwood Creek. The 
conglomerate in this mine is underlain by a sheet of rhyolite which has been 
intruded between the conglomerate and the schists. As the porphyrs' dips south 
the drifts cut through it into the overlying conglomerate, and at the extreme 
southern end of the mine the latter rests directly upon the Algonkian schists, 
the porphyry having passed downward into the rocks of this series. The 
conglomerate, where exposed in the stopes, shows a thickness of from 2 to 6 
feet, but only the basal portions have been mined and the actual roof has not 
generally been reached. The greater part of the conglomemte is unoxidized, 
the pebbles being imbedded in a matrix consisting largeh' of pyrite. The 
porph3'ry is itself impregnated with pyrite, although no increase in this mineml 
could be detected near its immediate contact with the overlying ore. 

Hawkeye-Plunta, — To the south of the Gentle Annie is the third of the three 
mines operated upon the Caledonia conglomerate area. Here the hill is capped 
by a heavy sheet of rhyolite, under which is dolomite, quartzite, looseh^ bedded 
sands, and finally about 40 feet of conglomerate, the lower portions of which 
are gold Ijearing and rest upon the Algonkian schist. The mine is opened by a 
shaft and four tunnels. The tunnels run westward from the brow of the hill 
through the schist into a basin of conglomerate, the gold-bearing portion of 
which forms a channel trending in a general way north and south, and with an 
average width of 60 feet. This channel is nearly 1,300 feet long, and strikes 
about N. 60^ E. for about 400 feet in the southern and a few degrees west of 
north in the northern 900 feet. It lies approximately 200 feet west of the 
outcrop. On the east side of this channel the schists rise verv gradually, so 
that the three northerly tunnels soon pass from it into the overlying conglomerate, 
but on the west the rise is extremely steep and the ore is cut off by the 
sandy beds that form the roof. An incline has been run on this western contact, 
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and farther south a tunnel has been driven for 375 feet into the schists, upraises 
having been made to the contact al)ove. These relations may be readily made out 
from PL XVIIl (p. 214). The ore is nearly 40 feet thick in places, but the average 
would probably not be more than 6 or 8 feet. In the northern end of the workings 
the greater part is still in the pyritic condition, the oxidation having been confined 
to the southern portion of the ore body. When panned both pyritic and oxidized 
ore show fine scales of waterworn gold. Statements are conflicting as to the 
value of the material which has been removed, but from the fact that the mine 
was profitably worked in very early days it is probable that the grade was quite 
high. A series of assays of the ore now exposed in the workings, made during 
a systematic sampling of the mine, shows that the high values of from $10 to $12 
per ton are confined to the material forming pillars in the center of the stope^s, 
while the marginal conglomerate does not contain sufficient gold to be profitably 
worked. The mine has now been idle for some years. 

MIXES IN REFRACTORY SIIilCEOUS ORES. 

As previously described, the refractory siliceous ores occur in five fairly well- 
defined areas, each of which is separately considered in the following pages. The 
individual mines are described and no attempt has been made here to give a 
general geological treatment of these areas, because such will be found in the 
main body of the text under the heading ''Areal distribution" on page 144. 

BALD MOUNTAIN AREA. 

The Bald Mountain area is the largest and includes the greatest number of 
mines from which ores of this class are obtained. The ore bodies are taken up 
and described according to rough groups in which they may for convenience of 
description be divided. These are shown and named on the map, PI. IX (p. 214). 
The individual mines are described from north to south within the limits of each 
group except where a mine occupies intermediate position. 

Biixton mine, — The Buxton mine is situated on the eastern extremity of the 
divide between Nevada and Fantail gulches, just above the loop in the Fremont, 
Elkhorn and Missouri Valley Railroad. The workings are upon the basal quartzite 
and were opened by tunnels on opposite sides of the divide; they are now inac- 
cessible. The ore shoot is very near the surface and is reported to have had a 
general north-south direction. The mine was an extremely rich one, having 
produced high-grade ore in considerable quantity. 

Retriever mine, — About 800 feet west of the Buxton is the Retriever mine. 
The ore is in or near the basal Cambrian quartzite, on the same divide between 
Nevada and Fantail gulches, upon which a long tongue of still uneroded Cambrian 
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lies between the Algonkian measures exposed in the gorges to the north and 
south. It is opened by two tunnels; one at the north and one at the south end 
on opposite sides of the divide. Below the quartzite which forms the floor of 
the ore body is a thick sill of diorite-poiphyry. Above the ore is another sill 
of the same rock. The dolomite intervening between the quartzite and overlying 
porphyry is up to 5 feet in thickness. One ore shoot only, which follows a frac- 
ture that trends slightly west of north, was found in the mine. The fracture or 
vertical extends upward from the ore into the porphyry, proving that not only 
the ore, but also the fracture, is of later age than the porphyry. 

Steicart mine. — The Stewart mine is located on the divide between Stewart 
and Nevada gulches and extends through to Stewart Gulch. The country rock is 
Cambrian shale and dolomite, with underlying basal quartzite. The ore shoot 
is opened b}" two tunnels, one at the north and the other at the south end. It 
is 1,160 feet in length, and strikes slightly east of south, with a width varying 
between 10 and 60 feet. For the first 680 feet it follows two main parallel north- 
south fractures. Four hundred and eighty feet south of tlie north end there is a 
small ore shoot to the southwest caused by a N. 30^ E. fracture which intersects 
the main vertical. The main shoot here becomes narrow and follows a fracture 
mnning north-sputh, then N. 30*^ E., and finally it follows a second fracture 
with a north-south direction. The cross fracture intersects each of the others, 
and the ore extends only short distances beyond the intersections. The floor of 
the ore is quartzite; the roof a fine impervious shale. To the east the mine is 
connected with the Golden Reward by drifts through the barren country rock. 
The workings are all very close to the surface. The ore from the Stewart is 
highly oxidized and contains higher values in gold and silver. It exhibits in 
many cases a peculiar shell-like, subconchoidal parting resembling the exfoliation 
of weathered granite bowlders. This is a feature which is frequently observed 
in the highly altered siliceous ores. No sulphide ore has been found in the 
Stewart mine. The Stewart body is probably a southward continuation of the 
Buxton, the intervening portion having been removed by the erosion of Nevada 
Gulch. 

Goldeii Reward mine, — The Golden Reward mine is located on the divide 
l)etween Fan tail and Stewart gulches, just east of the Stewart. It comprises two 
distinct and disconnected series of workings, one forming the south end and the 
other the north end. 

The northerly workings of the Golden Reward mine and those of the closely 
adjoining Tony and Maggie claims are upon the same ore shoot and comprise a 
series of open cuts passing in a southerly direction into stopes a few feet below 
the surface. The imderlying rock is the basal Cambrian quartzite about 25 feet 
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South Oolden Reward mine. — The South Golden Reward is opened by four 
tunnels situated on the south side of the divide between Fantail and Nevada 
gulches and directl>^ opposite those of the Lsadorah on the south. The workings 
are on quartzite and above the phonolite sill that extends westward from Sugarloaf 
Mountain. The ore was obtained from two large shoots trending a little west of 
north, which averaged 600 feet in length by 60 in breadth, but dwindled away at 
the northern end. Two small shoots lay to the west of these larger ore bodies. 
The mine is now inaccessil)le. 

hddorah mine, — The lsadorah is worked through two tunnels that open in 
the south side of Stewart Gulch just south of the opening of the South Golden 
Reward. Two small shoots were mined. The easternmost trends north and 
south and rests on quartzite which lies above the sheet of phonolite that extends 
eastward from Sugarloaf Mountain; the westernmost trends N. 10^ W., and lies 
upon shales about 4 feet above quartzite. A small auxiliary shoot lies on quartzite 
a few feet west of the second ore body. It trends N. 20^ W., but is very 
small. The mine has not been very productive. 

Sundance mine, — ^The Sundance mine is worked from a shaft situated in 
Stewart Gulch about 280 feet west of its junction with Whitetail Creek. It is 
265 feet deep and penetrated the same phonolite mass as that cut in the Fannie 
shaft, probably the western extension of the Sugarloaf mass. The ore is 6oO 
feet east of the shaft and lies on or near basal Cambrian quartzite. It occurs in 
a single shoot 10 feet thick and of ver}^ considerable size, and follows a zone of 
fracture striking north and south. The shoot had not been explored at the time 
the mine was visited, but it has since proved to be a very extensive ore bod}'. 
The strata of the Cambrian are horizontal above and below the ore, but dip 
slightly away on the east and west sides. The ore was completely oxidized and 
of very good grade, averaging about $25 per ton and in individual instances 
containing much higher values. This shoot is probably connected with the more 
westerly of the two shoots in the Fannie mine. 

BUly mine. — This mine is opened by a tunnel located on the west side of 
Whitetail Creek just north of the mouth of the north fork of the same creek and 
opposite the openings of the Ruby Bell. It runs west and intersects three small 
ore shoots that trend north and south to N. 7^ W. and follow groups of parallel 
fractures with the same ti'end. The ore lies on the basal Cambrian quartzite 
beneath the heavy sill of trachytoid phonolite that extends northeastward below 
the workings of the lsadorah and Golden Reward mines. This sill gradually 
breaks down across the Cambrian until 800 feet west of the mouth of the tunnel 
it completely cuts off the ore- bearing beds. The Billy has not been a productive 
mine. 
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Ruhy Bell taln^. — The Ruby Bell mine is opened by two tunnels — one in 
Whitetail Gulch trending southwest, the other in the North Fork of Whitetail 
trending southeast. There are two shoots of fairly good size, the easterly running 
a little east of south and probabl}^ connecting with the large No. 1 shoot of the 
Union mine, and the westerly running a little west of south. Between are three 
small shoots, which are little more than verticals and which extend upward 
some distance into the shales that form the roof of the usual ore-bearing beds. 
They are nearly parallel to the eastern shoot. The two more westerly are in 
contact with a dike of phonolite, one on either side. 

In the south end of the most easterly shoot the ore lies beneath an extremely 
even bed of fine, impervious shale, in which no verticals could be detected. 
Careful examination of the ore in the breast of the shoot showed that fractures 
were present in the ofc as very slight displacements to the banding of the rock, 
but that they did not extend upward into the shales that formed the roof. The 
ore was of the oxidized variety. 

Lucille mine, — ^The workings of the Lucille are slightly to the west of the 
Isadoi*ah alwve the phonolite sill above mentioned. The mine was not accessible 
at the time the region was visited. 

Ross-Hannihal mine, — The sill of trach^'toid phonolite that extends westward 
and northward from Sugarloaf Mountain has been cut through by Whitetail 
Creek draining north, and by the North Fork of the same creek, joining it from 
the west. In these two creeks are exposed the cliffs formed by the phonolite 
sill which has cut the ore-bearing beds in two. The shoots of the Union mine 
lie in the dolomite parting beneath this sill and above the basal quartzite, and 
the long shoot of the Ross- Hannibal is above the sill. The latter shoot 
therefore lies almost directly above the No. 3 shoot of the Union, which is 
separated from it by this phonolite parting. It is opened b}^ tunnels — one on the 
south bank of the North Fork of Whitetail and the other running westward 
from Whitetail Gulch. The shoot is 1,500 feet long and is 100 feet wide at the 
northern end, from which point it trends almost due south and narrows to an 
extremel}^ slender ore body. South of this narrow portion it widens again and 
bends east, assuming a direction about S. 27" E. The ore is from 4 to 8 feet thick 
and lies at all points observable directly beneath a shale roof and upon a floor either 
of dolomite or phonolite. The capping shale is extremely even and unbroken 
by verticals except in the narrower portion of the ore body, and even then 
fmctures are very small. Silicified fractures in the No. H shoot of the Union 
below show that the ore was formed after the phonolite intrusion. These fractures 
have probably supplied the Ross-Hannibal shoot. 

Three hundred and fortv feet from the south end of the shoot the ore rested on 
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a floor of crystalline dolomite, but was closely in contact with an even roof of blue 
shales above. This phenomenon is repeated in many mines and seems to show that 
where an impervious stratum has prevented the upward flow of mineralizing waters 
the silicification has extended from such impervious beds downward, reaching the 
floor of unreplaceable rock that underlies the dolomite onlji along the lines of 
fracture. 

The ore of the Ross-Hannibal was unoxidized sulphide ore. It carried about 
80 per cent of silica, and contained much fluorite. A segregation of pynte at 
the bottom of the ore body is reported by the owners. Some of the ore contained 
uranium, and, according to F. C. Smith,^ 255.08 ounces of silver per ton, with 
but 0.44 ounce of gold. This was exceptional, however, as the ore was charac- 
teristically an ore of gold. The shoot was a rich one and is reported to have 
yielded an average of ^35 per ton in gold. 

Union mine. — ^The Union mine is opened by a shaft situated in the bed of 

Whitetail Creek about 1,750 feet south of its junction with Stewart Gulch. To 

the east is Sugarloaf Mountain, to the west is the broad, sloping area that forms 

the east declivity of Terry Peak, known as Ruby Basin. The shaft passed through 

the following rocks: 

Sectioi} of Vnirm shaft. 

Feet. 

Phonolite 80 

Shale and dolomite 20 

Quartzite *. 7 

The phonolite encountered in the shaft is part of a large eruptive mass of lacco- 
lithic character which was intruded in the Cambrian series a short distance above 
the basal quartzite. The workings of the mine have been run in the dolomite 
that intervenes between phonolite and quartzite. 

From the bottom of the shaft a long crosscut extends east and west. In an 
easterly direction it runs 500 feet, then turns south and follows a S. 50" E. 
course for 600 feet, connecting with the National shaft. No ore bodies were 
found on this side of the shaft. To the west it extends 2,260 feet and in this 
distance four ore bodies are encountered, known as NojT. 1, 2, 3, and 4. The 
first or No. 1 shoot lies about 100 feet west of the shaft. It is the largest ore 
shoot of the mine, ranging from 50 to 200 feet in width by about 8 feet in thick- 
ness. It was worked at the time of inspection to a length of 1,750 feet. Its 
trend is nearly due north and south and it is probably connected at its northern 
end with the Ruby Bell shoot. On the west of the ore body a porphyry dike 
appears at intervals and another may be seen in the ore south of the shaft cross- 

a Trans. Am. Inst. Min. Eng., vol. 27, p. 419. 
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ing the shoot in a southwesterly direction. The ore in this shoot rested upon or 
very close to the basal quartzite and beneath a roof of tine, impervious blue shale. 
The other three shoots of the mine lie 650, 1,500, and 1,925 feet west of the 
shaft and all trend in a general north-south direction. They differ from the 
No. 1 shoot in lying from 4 to 6 feet above the basal quartzite upon a floor of 
dolomite through which the ore extends downward only along the supplying 
fractures. The roof is of shale or phonolite. In places the latter rock is 
extremely irregular, often bulging down into the ore and sometimes passing com- 
pletely across it and through the quartzite below. A good example of this is 
given in the sketch (fig. 16), which is a portion of a longitudinal section of the 
south end of the No. 4 shoot. 

A general cross section of the No. 3 shoot is given on PI. XI, // (p. 214). 
These shoots are also narrower than the No. 1 shoot, but as they are not completely 
mined out their length has not been determined. The ore of the No. 2 shoot was all 
sulphide ore. Between the No. 2 and the No. 3 shoots the crosscut intersects a 

body of phonolite about 50o feet in 
thickness, which is probablj^ con- 
nected with the large phonolite mass 
encountered in the shaft, or that 
which forms the Sugarloaf Moun- 
tain laccolith. According to those 
who worked the mine assays of this 
phonolite were made from time to 

IG. 16.— cross section oi a poruon t)i ->o. 4 mkkh, l nioii uuue, . jl j_1 ^: ^ 

Rhowing the concentrution of ore beneath an irregular pho- time and shoWCd ValuCS raugmg 

noiite roof. from a few cents to as much as $2 

in gold. The rock is extremely fresh and if these values have been introduced at 
the time of ore deposition they have been accompanied by no visible alteration. 

ALPHA-PLUTUS-MOGUL GROUP. 

Clinton mine,— On the south side of Nevada Gulch slightly farther below 
the opening of the Alpha-Plutus mine are the workings of the Clinton. The 
tunnel is situated at the bottom of the gulch on the basal Cambrian quartzite, 65 
feet below the porphyry sill, which is exposed along the railroad on the south 
side of the gulch. To the east this intrusive sill breaks down across the Cam- 
brian, so that the workings of the Retriever and Buxton mines to the east are 
elevated to a horizon above tKe porphyry to which the name of upper contact 
has been erroneously applied. One hundred feet from the mouth of this tunnel 
two narrow ore shoots are exposed, separated by about 25 feet of unmineralized 
rock. The longest trends due north and south; the other slightly east of north. 
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Pig. 16.— Cro.ss section of a portion oi No. 4 .sli(K)t, Union mine, 
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The country rook is an extremely decomposed gouge-like alteration of the dolo- 
mite or "sand rock/' At the south end a cross shoot occurs following a vertical 
trending N. 22^ E., and another very small shoot trending north and south lies 
a few feet to the east. The shoots dip slightly to the south. This mine has not 
been a ver\' productive one. 

Alpha- Plut^iM mine, — The workings of the Alpha-Plutus lie beneath Bald 
Mountain on the north side of Nevada Gulch and extend from the loop in the 
Fremont, Elkhom and Missouri Valley Railroad eastward. They constitute the 
northward extension of the Tornado mine. The mine is opened by a long west 
crosscut which extends from the north side of Nevada (julch westward for 
1,150 feet. The country rock is the usual dolomitic limestone that lies directly 
upon the basal Cambrian quartzite but is all in a highly oxidized condition. 
Nine hundred feet west of the opening is a fault which throws the quartzite up 
80 feet on the west; again to the west of this is the continuation of the gre^t 
Tornado fault that throws the quartzite up about 800 feet on the west side. On 
the space between these two faults are three long, narrow ore shoots lying at the 
same elevation as the northern end of the big Tornado shoot. One of these is 
the continuation of the Tornado shoot and trends N. 20^ E., the intervening por- 
tion having been cut away by the erosion of Nevada Gulch. This shoot is cut in 
two by the 80-foot fault, which seems to be post-mineral. West of this about 
100 feet is a shorter parallel shoot from the north end of which a shoot trends 
S. 12^ E. intersecting the lirst-named ore body. On the east or downthrown side 
of the 80-foot fault are sixteen narrow shoots varying from 50 to 600 feet in length 
and trending N. 20^ W.; N. 15'^- W.; N. 60^ W.; N. S.; N. 25^ K, and one small 
shoot N. 45^ W. A few small dikes of grorudite striking N. 7^ W. were cut in 
the northern portion of the mine. These shoots are widely spaced and uni- 
formly narrow, few of them exceeding 5 feet in width, and are often very high, 
sometimes being stoped up for 15 feet. The fractures were open and manifold 
and no displacements could be observed at intersections. All of the shoots dwindled 
to mere verticals in a northerly direction. 

This mine has produ(»ed considerable ore, but most of it of slightly lower 
grade than that on the south side of Nevada Gulch. This is the onl}^ mine on 
the north side of Nevada Gulch in which any appreciable amount of ore has been 
found. 

Tornado m/w^. — The Tornado mine is worked through a shaft 315 feet in 
depth, situated 720 feet west of the railroad trestle in Fantail Gulch. There are 
36 distinct shoots of ore in the mine, which lie upon or close to the basal 
quartzite of the Cambrian and about 25 feet above the Algonkian. A very good 
idea of the relative position and size of these ore shoots can be obtained from 
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the map, PI. IX (p. 214). Two of them were of exceptional size, and have fur- 
nished the larger portion of the output of the mine. The main, or ''Big," shoot, as 
it is termed by the owners, is the largest single body of refractory siliceous ore 
yet mined. From its outcrops in Nevada Gulch beneath the railroad trestle it 
extends in a direction slightly east of south for a distance of 1,225 feet. It then 
turns to a direction S. 15° E., which it follows for the balance of its course. 
At the north end it is about 10 feet in width, but widens as it is followed 
inward until at a point 210 feet directly west of the Tornado shaft it attains a 
maximum width of 180 feet. From this point south it narrows to about 10 feet 
and again widens at the southern end, where it passes into the property of the 
Horseshoe Company. The thickness of the ore between quartzite and overlying 
shales is about 6 feet, but increases at some points to upward of 14 feet 
The roof of the ore is shale for the greater part of the length, but at several 
points this is replaced by a sheet of igneous rock. The floor upon which the 
ore rests is in most cases quartzite, which at several points gives place to a 
projecting sill of trachytoid phonolite, connected with a dike on the west. In 
the south end of the mine the Algonkian projects up into the ore, and is itself 
reported to have carried refractory values which in some cases reached $12 per 
ton. Seven hundred and fifty feet south of its outcrop in Nevada Gulch, the 
Big shoot is thrown down 72 feet on the south by a fault, striking N. 22^ E. 
For some distance north of this fault, and through the northern end of the 
downthrown portion ;to the south, the continuity of the ore is broken by many 
north-south porphyry dikes of varying thickness. From a point directly west of 
the shaft the ore comes closely in contact with a large 60-foot dike of trachytoid 
phonolite on the west side. This dike extends far south into the workings of 
the Mogul mine, where it finall}^ dwindles to nothing. The direction of the ore 
body from the point where it joins the dike is S. 12° E. for the rest of its 
course. Many small shoots of ore, with varying strikes, join this large body on 
the east side, and the grade of the ore is increased at such junctions. The ore 
is partially sulphide and partially oxidized, and carries average values of about 
$17 per ton. It is higher in the vicinity of the dikes and faults at the northern 
end, but becomes considerabh' lower at the point where the shoot attains its 
greatest width. 

The other large shoot of this mine is that known as the Bottleson shoot. It 
extends from a point 600 feet north of Nevada Gulch for a distance of 1,600 
feet to the Bottleson shaft and is there deflected to the west. Three hundred 
feet south of this shaft it terminates in. an ore shoot 30 feet in width, trending 
S. 47^ E., which occurs along a fault fissure that throws the southwest side down 
8 feet. At the southeast end of this cross shoot are two other ore bodies, one 
4987— No. 26-04 13 
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of the Troy shaft, where it shows a clear offset of 300 feet. At the point of 
divergence it is joined by a 72-foot fault that cuts the large ore shoot into two 
portions with a downthrow of 72 feet on the east. Directly on the west side of 
the large phonolite dike there is another displacement by which the west side is 
thrown down for 40 feet at the south end of the mine. The amount of displacement 
decreases to the north, however, until due west of the Tornado shaft it is practically 
zero. This displacement, unlike the others in the mine, seems to have occurred 
at the time of the porphyry intrusion, as it is accompanied by no brecciation or 
slickensides. The porphyry's and sedimentaries show a close and typical intrusive 
contact, often exhibiting considerable metamorphism. 

Directly west of the shaft there are between these two main faults a series of 
small displacements which form narrow benches as one passes westward from the 
phonolite dike. By two of these the quartzite is elevated on the west side succes- 
sively 30 and 40 feet; others are much smaller. The actual offset in these displace- 
ments is extremely small, and much of the difference in elevation is absorbed in an 
extremely steep easterly dip. 

On the separate benches between these displacements are six small ore bodies 
which trend about N. 3*^ to 5"* E. Considerable ore of good grade was found in 
these shoots, which are of smaller size than those generally encountered in the mine. 
PI. XIX (p. 214) gives an east-west cross section of the mine and will bring out 
these relations clearly. 

The ore from the Tornado mine was partly red or oxidized and partly blue or 
sulphide ore. In the early history of the mine the oxidized ore was especially sought 
on account of the additional difficulty of treating the unaltered sulphides, but with 
the more complete understanding of smelting this preference came to be disregarded. 

The ore from the Big shoot is very markedly banded on account of the 
persistence of beds of shale in a comparatively unaltered condition. In some of 
these the shale bands contain soft white clay, which has presumably resulted from 
the decay of thin seams of porphyry. This clay not infrequently contains high 
values in gold. A partial analysis of it gave the following results: 

Analysis of clay from Big shoot of Tornado mine. 

SiO, 36.8 

FeO 19 

AlA 16.5 

HjO (combined) 15.3 

Ounces of gold 2.47 ($49.40) 

Ounces of silver 9 

It is stated that in some cases this clay carries values as high as $200 or 
$300 per ton in gold. 
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quartzite, which became very thin below the ore in the upper shoots is here 
entirely absent. This shoot is connected with the shaft by a drift which passes 
beneath the main shoot through the Algonkian. Iron-stained fitictures may be 
seen beneath the easterly shoot parallel to the lamination of the schists. These 
may be the downward continuations of the mineralized fractures or verticals in 
the stope above. A cross section of this mine in an east- west direction is given 
in PI. XX (p. 214). The ore from the Mogul is partially oxidized in some places 
and completely so in others. At several points, presumably in the lower shoot, 
the ore contained great numbers of angular fragments of Algonkian rock, among 
which were scattered crystals and isolated masses of jarosite. In the upper or 
eastern shoot layers of very rich clay were found interbedded with the ore. 
These often carried several hundred dollars per ton in gold. The Mogul has 
been a very productive mine. 

Little Tornado mine, — To the west of the 300-foot fault on the divide 
between Nevada and Fantail gulches are the dismantled workings of the Little 
Tornado mine. They are presumably upon the basal Cambrian quartzite, as that 
stratum is exposed at the same elevation in the Double Standard tunnel, a short 
distance to the southwest. 

There are two small shoots striking N. 10^ E., following strong, rather open 
fractures, which converge toward the north and together extend through to 
Nevada Gulch. These shoots are separated by a slight fault which throws the 
eastern shoot down 10 feet, while from the south end of the latter a third small 
ore body trends N. 34° E., to be intersected midway of its course by four very 
small ore bodies parallel to the first two. The strata have a pronounced easterly 
dip, which, together with many slight displacements having downthrows on the 
east side, marks the approach to the great 300-foot fault (mentioned on page 127). 
Two small dikes of rock related to grorudite and striking N. 80° E. cut directly 
across the ore shoots of this mine. Country rock and ore were alike extremely 
oxidized. The mine has not been a heavy producer. 

Double Standard mine. — In the head of Fantail Gulch, above the town of 
Terry, on the north side of the gulch, is the tunnel of the Double Standard mine. 
The tunnel is driven upon the basal Cambrian quartzite, trends slightlj^ north of 
west and intersects seven long, narrow shoots of ore at 100, 150, 200, 287, 312, 
412, and 500 feet west of the opening, respectively. 

The first two are small and strike N. 10^ E. and N. 22^ E. with a large 
dike of coarse-grained rhyolite between. The third or main Double Standard 
shoot trends N. 4-^ E. and extends north 9o0 feet, where it outcrops high up on 
the south side of Nevada Gulch. The ore lay in close contact with a dike of 
rhyolite on the east side for 300 feet and then a slight fault has brought the 
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Algonkian schists into contact with the ore. The other shoots are short and 
narrow and trend N. 25^ E., N. 30^ E., and N. 7^ E. All follow strong and rather 
open fractures, which are mainly vertical in position. Two of these shoots converged 
toward the south, and at the point of intersection formed a large body of ore 5 
feet thick with an extremely even shale roof. Where the fractures come together 
they have slightly discordant dips and intersect one another in both horizontal 
and vertical planes, but no displacements could be detected at the intersection. 
There is a prevailing southwest dip in the mine and slight undulations interrupt 
its regularity, the shoots always lying on the crests of the anticlines. The shape 
of the ore bodies in cross section throughout this mine varied considerably, some 
being elliptical and others so irregular that the ore extended out in thin shelf- 
like masses into the country rock. A shoot was observed in which a shelf- 
like mass of this character, about 1 foot in thickness, lay immediately beneath 
the shales that overlay the ore and extended from 3 to 6 feet beyond the main 
body of the shoot. Much of the ore from this mine was unoxidized, and that 
from the shoots to the south of the crosscut carried large quantities of gypsum 
and green fluorite. 

Boscobd mine. — At the extreme west end of the Double Standard crosscut 
tunnel a 10-foot fault has thrown the basal quaitzite up on the west. On the 
upper side of this fault is the long shoot of the Boscobel, which extends south 
400 feet, where it dwindles to a mere vertical, and north for 1,050 feet to its 
outcrop in Nevada Gulch. Midwaj^ along its northerly course there is a small 
vertical ore shoot, a few feet to the west, striking N. 35^ E. West of the main shoot, 
where it outcrops in Nevada Gulch, three small shoots are situated. The two most 
westerly are at a high angle to one another, so that they converge to the south, and 
together form an ore body parallel to the main Boscobel shoot. The most 
easterly of the three is between the latter and the converging shoots. The 
fractures of the Boscobel mine are prominent and often inclined at a slight 
angle to the east. Pikes of rhj'olite lie in contact with the ore of the main 
shoot on both sides and in man>^ cases divide the ore into two portions. 

Throughout the entire country between the Boscobel and Double Standard 
shoots, and thence eastward as far as the mouth of the Double Standard cross- 
cut, great numbers of north-south dikes of rhyolite occur. The ore sometimes 
lies in contact with them and at others div^erges from them at considerable 
angles, showing that the occurrence of the ore is independent of this igneous 
activity, so far at least as the direction of ore shoots is concerned. 

The ore from the Boscobel shows great quantities of brilliant green fluorite, 
together with extremely large crystals of barite, the latter embedded tightly in 
the ore. 
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Hardscrahble mine. — In the end of Fantail Gulch, just below the sharp 
southward bend in the stream^ is a long open cut from the west end of which a 
tunnel leads westward into the Hardscrabble mine and thence through to the 
Welcome shaft. South of this open cut, and south also from the tunnel, is a 
series of irregular stopes, open to the north, from which low-grade ore was* 
mined. These bodies passed into fairly regular stopes toward the south, but in 
the neighborhood of the open cut the ore was included between an inextricable 
tangle of dikes, sills, and irregularly bounded masses of rhyolite. The workings 
are presumably near the basal quartzite of the Cambrian, for that rock is exposed 
in the Welcome mine to the west. Fractures pass through rhyolite, shales, and 
dolomite indiscriminately. To the north of the tunnel and open cut are a series 
of narrow shoots following fractures that trend N. 20^ E., and probably connect 
with the shoots of the Double Standard. Southwest of the Hardscrabble workings 
is a long shoot trending northeasterly, and connecting with the workings of the 
Welcome mine. It is inclined sharply south, following the dip of the quartzite, and 
on the east is in contact with a dike of rhyolite. The ore from the Hardscrabble 
mine contained great quantities of purple fluorite, and some of the rhyolite itself 
was so heavily impregnated with this mineral that it contained workable values. 

Welcome mine, — The Welcome mine is opened by a shaft situated on the 
northwest side of Fantail Gulch, just above its bend toward the south. It is sunk 
on a fault which strikes north and south and throws the west side down 30 feet, 
but dies away to the south. The strata dip to the south at an angle of from 10° 
to 12^. About 25 feet west of the shaft is a shoot 100 feet wide by 10 feet in 
thickness and 025 feet in total length. This large ore body is caused by the 
occurrence of innumerable parallel fractures which, while they are strong and 
display considerable opening, are so closely spaced that they have produced an ore 
body of great size. (See PI. XHl, p. 214.) So close are they to one another that 
the shale roof has been suflSciently silicitied between to carry considerable values. 
This shoot terminates against an eastward-dipping dike or crosscutting sill on 
the west side and gradually dwindles to a mere vertical on the south. West of 
the south end of this large shoot are a great number of small shoots on fractures 
striking north and south, N. 10^ W., N. 15^ E., and N. 30-^ E. Much of the ore 
in this mine was separated from the (luartzite by from 2 to 3 feet of red dolomite. 
The Welcome has been a heav}^ producer. 

Ilarriiony mine, — This mine is opened by two tunnels on the south side of 
Fantail Gulch above the town of Terry. The workings are now inaccessible, but 
from the map there seems to be a series of small shoots trending N. 5^ to 10° 
E. The workings are directly south of the Little Tornado and just west of the 
great 300-foot fault. 
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litdii/ifi/fTfi rfurw., — The ffailtimore »haft \» nituaied in the lied of Nevada Gulch 
mnxi\i of the saddle lietween Bald and Green mountains. The country rock is an 
eriif>iiv<% profiahly reUied to the groruditcH. Thii4 18 intersected in the shaft to 
a tlii<;krieMM of ^) fwd; lielow in a parting of Cambrian shale 40 feet thick, another 
Mill of erufitive rock 20 feet thick, and then 110 feet of Cambrian shale and 
(UpUpuiIUu The shootx are w^arcely more than verticals and lie in the dolomite 
ttlMivo the littMal (>arnbrian quartzite. Two trend X. 20" E., two N. 25^ W., and 
on«! N« 70 ' K. Them; verticals have not Ijeen indicated on the map in PI. IX (p. 214) 
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MINKH ON THE UI^PER ORE-BEARING BEDS. 

/Jf/fHi/ fftrnr. The workings of the Daisy mine are situated on the divide 
\H*Xwmi\ Fantiiii and Stewart gulches just east of the 300-foot fault and directly 
over tho most weHt<»rly shoots of the Tornado. They are but a few feet below the 
Hurfa<!e. The country roek is a green ghiuconitic shale, containing bands of dolomite, 
hut. (^xiiihiting no h(Mivy beds of tiie latter type. The ore is colored green by 
much included glauconiU* and contiiins nian}^ large cavities or vugs distributed 
without regularity. 

Upper Wc/vofNf niiftc. — West of the Welcome shaft and far up on the north- 
west slope of Fantail (hilch are some small workings that are at a much higher 
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altitude than the workings of the Welcome mine. The country rock is Cambrian 
shale containing great quantities of glauconite and intercalated layers of a dolomitic 
character, none of which are very thick. The ore was. mostly in the nature of 
narrow silicified shoots following small north-south fractures, but extending only 
short distances laterally from them. Much eruptive rock occurs in rather confused 
relations. The geological position is probably about the same as that of the 
Daisy mine and may correspond to the upper contact of the Portland district. This 
and the Daisy mine to the east are the only ore bodies in the Ruby Basin district that 
are in what may be properly termed upper ore-bearing beds. The fact that the 
country rock is such an impure variety of dolomite, interrupted by many shale 
bands, indicates that ore-bearing beds which exhibit considerable uniformity of 
texture and freedom from impurities at one locality may give place to comparatively 
unreplaceable rocks at another. 

PORTLAND DISTRICT. 

Dividend mhie. — The Dividend mine is situated upon the northern slope of 
Green Mountain, a little north of east from the town of Portland. It is operated 
by two tunnels running into the hillside and opening into a small tributary of 
the north fork of Deadwood Gulch. The workings are about 20 feet above the 
Algonkian upon the basal Cambrian quartzite, which dips slightly west of south 
at an angle at from 4P to 6°. Two small flat bodies of ore were mined from the 
noilheast end of the mine. They occurred at the intei*section of many small 
fractures which trended N. 25° E., N. 44^ E., and N. 18° W. The ore rests on 
quartzite and beneath a thin bed of shale, but ends abruptly on the west against 
soft Algonkian phyllites, which are faulted up b}- a slight displacement trending 
about N. 78° W. The ore in these two bodies was irregularly bounded and 
about 5 or 6 feet in thickness. Minemlized fractures pass from the ore into the 
Algonkian, in which rock they have yielded some pay ore. Another small ore 
body occurs in the extreme southwest end of the mine at the intersection of 
fi-actures trending N. 30° E., N. 38° E., and N. 36° W. This ore body is about 
500 feet northeast from the nearest mine, in the upper ore-bearing beds, and is 
separated from them b}^ an interval of Cambrian stmta and intruded porphyries 
527 feet in thickness. The other ore bodies of the mine were narrow shoots, sel- 
dom more than 5 feet in width, which followed rather open fractures but often 
extended to considerable distances in a vertical direction, in one case as much as 
40 feet from the quartzite. Tlie largest of these fractures contained fragments of 
Algonkian schist, and was sometimes inches in width. It trended N. 53° E., 
and carried ore for 740 feet. Other small ore shoots followed fractures trending 
north and south, N. 15° E., N. 25° E., N. 44°-53° E., and N. 34°-40° W. The 
fractures are open and hut little mineralized when compared with those occurring 



202 ECONOMIC BESOURCES OF NOBTHERN BLACK HILLS. 

t 
on upper contact and in mines where the ore bodies are extensive flat masses. 

Dikes of decomposed eruptive rock of a few feet in thickness occur in great num- 
bers; many of these have breccias along their contacts. The dikes appear to 
intersect the verticals, but the rocks are too decomposed to give positive evidence. 

The ore is of three varieties: The first is a gouge-like decomposed material 
heavily charged with oxides of iron and manganese, and often containing 
considerable sandy fluorite; the second is a sandy material resulting from the 
disintegration of the basal quartzite and often mined to its contact with the 
underlying schists; the third is the usual hard refractory siliceous ore. The first 
two varieties of ore carried values of from $10 to $25 per ton, but the siliceous 
ore generally contained from $25 to $50 in gold with but little h'ver, which 
is strongly in contrast with ore of the same character in the upper beds, the 
latter yielding uniformly low values and a relatively high silver content. 

A peculiar, hard, ferruginous jasper occurs in this mine in the same banded 
masses as the ore, but it carries no workable values. It is termed "liver-colored 
rock" by the miners. 

Snowstorm mine. — ^The Snowstorm shaft is located in the extreme head of 
Nevada Gulch. It is about 345 feet deep and has produced no ore. It is impor- 
tant in that it comprises an extensive series of barren workings on the basal 
Cambrian quartzite and indicates that ore bodies are probably absent in the barren 
region l3Mng east of the Portland district. 

Two Jolma mine. — The Two Johns mine is located in a southwest tributary 
of main Squaw Creek, about 1 mile east of north from Crown Hill. The basal 
quartzite and about 20 feet of the Cambrian rocks are here exposed and outcrop 
all along the west bank of Squaw Creek, dipping southwestward from the great 
poiphyry mass that forms War Eagle Hill. Above the shales is a thick sill of 
rhyolite. The mine is opened by two tunnels on the basal quartzite which 
diverge at the mouth, one running southeast and the other southwest. There 
are two long, narrow shoots of ore, the southern trending N. 50^ E., and the 
northern composed of two portions, of which the eastern trends N. 70^ E. and 
the western N. 25"^ E. At the junction of the two portions the ore body is 20 
feet wide, the ore of the small shoots following fractures that strike between 
N. 70^ and 50^ E. Two small dikes of eruptive rock cross one of these ore bodies 
and the fractures do not pass through them. On the west side all of the shoots 
are cut off against an eastward-sloping wall of dark, coarse-grained rhyolite. 
The mine has not been a very productive one. 

GivshuTHt and Man cheH(i\- On the quartzite rim that is exposed in the head 
and on the west side of Squaw Creek are a few small workings that belong to 
the Gushurst and Manchester mine. There occurred in these workings in the 
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dolomitic shale a few isolated masses of jasperoid rock in which irregular patches 
of galena and cerussite were found. These mines have not produced much ore. 

Labrador mine. — In Labrador Gulch at an elevation of about 5,500 feet above 
sea level is an exposure of Cambrian rocks much distorted by intrusive sills 
and dikes. There are a few workings that have yielded some refractory siliceous 
ore. These are now inaccessible. 

Decorah mine, — The workings of the Decorah mine lie on the eastern side 
of Green Mountain. They are opened at the north end by two tunnels about 50 
feet above the milroad and follow two long narrow ore bodies southward for a 
distance of 650 feet. The workings are about 20 feet below the Scolithiis sandstone 
which lies at the top of the Cambrian series. The countr}' rock dips slightly to 
the south-southwest, and the ore bodies trend S. 35^ W., following the dip. 
The easterly shoot is from 25 to 30 feet wide at the south end, but gradually 
narrows to a mere vertical at the north. A little south of midway along its 
course it widens to the west until it has attained a maximum width of 100 feet. 
Shales form the roof of the ore body and the floor upon which the ore rests. 
The fractures are extremely strong and open, sometimes occupving the entire 
roof of the stope. The ore is from 2^ to 3^ feet thick and corresponds exactly 
to the thickness of the replaced bed of dolomite. The more westerly shoot is 
narrower and at the south end the ore extends up into the shales that form the 
roof, thus forming a very narrow vertical ore body. 

Trojan mine, — The Trojan is opened h}- a tunnel running S. 35^ E., and 
situated on the north side of Green Mountain east of the workings of the Decorah. 
The country rock is here Cambrian shales, very glauconitic, with an interbedded 
layer of dolomite about 4 to 5 feet in thickness. The mine comprises a broad, 
flat stope about 700 feet long and S5 feet in maximum width, but narrowing 
toward the southern end. At the south end the ore is divided bv a dike of coai'se 
rhyolite striking N. 85^ E., which is itself greatly silicified in places, and often 
stained dark brown where it comes in contact with the ore. The ore from the 
Trojan yielded relatively high values in silver, thus contrasting strongly with the 
ore taken from the Dividend mine to the north and lying upon the basal Cambrian 
quartzite 527 feet below. 

Alameda. — The Alameda is an open cut at the south side of Green Mountain 
and is probably a continuation of the Decorah. Fractures run about S. 35^ W. 
and the country rock dips about 8^ in a direction S. 8" W. There is a bed of 
considerably oxidized fine-grained dolomite 2 feet in thickness, above which are 
14 feet of glauconitic shales with thin interbedded layers of a dolomitic character. 
The vertical seen in this open cut shows a heavy bed of ore replacing the main 
dolomite layer, but upon passing into the shales above the silicification is 
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above the Algonkian, but at the southern end of the mine it gives place to 
porphyry, which graduail}- rises from the floor until the ore is completely cut 
off. The roof is shale. At the north end the Golden Reward shoot attained the 
unusual width of 340 feet, a width greater by 160 feet than that of any ore 
shoot in the region. This ore bod}'' extended south into the Golden Reward 
mine for 125 feet, and then it divided into three smaller shoots, the two westerly 
following S. 30'^ W. fractures, and the others running in a direction slightly 
east of south. Almost all of the workings are now inaccessible, but the fact that 
it separates at its southern end into two series of ore-bearing fractures having 
the usual directions makes it probable that its great size is due to the intersection 
of numbers of north-south and N. 30^ E. fractures. A north-south fault occurs 
near the eastern side of the Golden Reward ore body and throws the ore down 
on the east side; the throw is 8 feet, gradually decreasing to nothing at the 
south end of the mine. There is a space between the two faulted portions of 
country rock of about 18 inches in width which is tilled with fragments of schist 
and porphyry. 

Big Bonanza mine, — This mine is situated on the divide separating Fan tail 
and Stewart gulches ))etween the workings of the Golden Reward on the west 
and those of the Little Bonanza on the east. The ore outcrops on the north side 
of the divide, where it is opened by a tunnel. The shoot is very extensive. It 
occupies almost the entire claim, and is often 15 feet in thickness. It rests on 
quartzite and comes in contact with a large dike of phonolite on the west side. 
The workings are now inaccessible. This has been a vary productive mine. 

Fannie min^, — ^The Fannie mine is opened b}^ a shaft situated on the southern 
side of the broad divide between Fantail and Stewart gulches to the northwest 
of the Little Bonanza, northeast of the Big Bonanza, and about 500 feet east of 
the long shoots of the South Golden Reward. The shaft is 265 feet deep, and 
according to F. R. Cai-penter affords the following section: 

Section in Fannie shaft. 

Feet. 

Cambrian shales 70 

Cambrian shales, containing a little ore 6 

Cambrian shales 4 

Trachytoid phonolite 165 

Cambrian shales and dolomite 12 

Ore 10 

The mine is now inaccessible; but from the foreman, Mr. R. Rodda, the 
following statements have been obtained: There are four bodies of ore. One 
small shoot trends about N. 12^ W., is 10 feet in thickness, and about 30 feet in 
width. It lies on porphyry. West of this is a broad shoot about 65 feet in 
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maximum width trending likewise about N. 12° W., and dividing into 3 narrow 
shoots toward the north. This shoot was possibly 40 feet higher than that to 
the east, but was situated on or near the basal quartzit^. Both of these shoots 
are about 150 feet lower than the workings of the mines to the north and 
west, but are on the same level with the Sundance shoot to the south, with 
which the more easterly is probably connected. To the east are two other 
small and low-grade shoots trending about N. 10° W., and almost north of the 
large shoot of the Little Bonanza mine. The probable cause of the difference 
in altitude of the shoots lying in and about the Fannie mine is the intrusion of 
a sill of trachytoid phonolite from the east. The phonolite has broken irregu- 
larly across the Cambrian so that the ore-bearing beds sometimes lie below and 
sometimes above the eruptive. The ore from the main shoots of the Fannie 
was of good grade and contained much fluorite. 

Little Bonanza mine, — On the north side of the divide between Fantail and 
Nevada gulches is the Little Bonanza mine. It is separated by a large phonolite 
dike from the workings of the Big Bonanza mine on the east. On the west side 
of this dike is a fault that throws the basal Cambrian quartzite down 40 feet on 
the west side, thus producing a corresponding difference of elevation in the ore- 
bearing beds of the two mines. The Little Bonanza is opened at the north end 
by two tunnels. These follow narrow ore shoots, which trend north and south 
and are separated from each other by a slight fault of possibly 2 feet with the 
downthrow on the east side. As one follows these shoots southward they unite 
and the shoot becomes broader until 750 feet south of the opening it is 200 feet 
wide, although interrupted b}- a northwardly projecting tongue of unmineralized 
dolomite that divides it into two portions. From the north end of the mine 
southward the quartzite assumes an increasingly steep dip to the southeast, which 
at the widest portion of the ore body amounts to 30 . Together with this 
dip a series of mineralized fractures with small displacements diverge from 
the slight fault at the north end, so that in the widest portion of the stope to 
the south the ore on the east side is 160 feet below that on the west. The 
amount of displacement along these fractures is genemlly small, though it some- 
times amounts to feet. The difference in elevation of the two sides of the 
ore body at the south end is brought about by dip and increase in the number of 
diverging fractures rather than by increase in displacement. The most westerl}^ 
portion of the shoot continues south at about the same elevation as at the mouth 
of the tunnel, but divides into three almost parallel shoots. The central shoot 
is 540 feet long and widens out to about 25 feet, and is in contact with a masss 
of phonolite on the west side. A large part of the ore mined was of the blue 
or sulphide variety. 



188 ECONOMIC RESOURCES OF NORTHERN BLACK HILLS. 

South Golden Reward mine, — The South Golden Reward is opened by four 
tunnels situated on the south side of the divide between Fantail and Nevada 
gulches and directl}'^ opposite those of the Lsadorah on the south. The workings 
are on quartzite and above the phonolite sill that extends westward from Sugarloaf 
Mountain. The ore was obtained from two large shoots trending a little wevst of 
north, which averaged 600 feet in length by 60 in breadth, but dwindled away at 
the northern end. Two small shoots la}" to the west of these larger ore bodies. 
The mine is now inaccessible. 

lsadorah mine, — The lsadorah is worked through two tunnels that open in 
the south side of Stewart Gulch just south of the opening of the South Golden 
Reward. Two small shoots were mined. The easternmost trends north and 
south and rests on quartzite which lies above the sheet of phonolite that extends 
eastward from Sugarloaf Mountain; the westernmost trends N. 10^ W., and lies 
upon shales about 4 feet above quartzite. A small auxiliary shoot lies on quartzite 
a few feet west of the second ore body. It trends N. 20^ W., but is very 
small. The mine has not been ver^^ productive. 

Sundance nilne, — The Sundance mine is worked from a shaft situated in 
Stewart Gulch about 280 feet west of its junction with Whitetail Creek. It is 
265 feet deep and penetrated the same phonolite mass as that cut in the Fannie 
shaft, probably the western extension of the Sugarloaf mass. The ore is 600 
feet east of the shaft and lies on or near basal Cambrian quart^site. It occurs in 
a single shoot 10 feet thick and of ver}^ considerable size, and follows a zone of 
fracture striking north and south. The shoot had not been explored at the time 
the mine was visited, but it has since proved to be a very extensive ore body. 
The strata of the Cambrian are horizontal above and below the ore, but dip 
slightly away on the east and west sides. The ore was completely oxidized and 
of very good grade, averaging about $25 per ton and in individual instances 
containing much higher values. This shoot is probably connected with the more 
westerly of the two shoots in the Fannie mine. 

Billy mine, — ^This mine is opened by a tunnel located on the west side of 
Whitetail Creek just north of the mouth of the north fork of the same creek and 
opposite the openings of the Ruby Bell. It runs west and intersects three small 
ore shoots that trend north and south to N. 7^ W. and follow groups of parallel 
fractures with the same trend. The ore lies on the basal Cambrian quartzite 
beneath the heavy sill of trachytoid phonolite that extends northeastward below 
the workings of the lsadorah and Golden Reward mines. This sill gradually 
breaks down across the Cambrian until 800 feet west of the mouth of the tunnel 
it completely cuts off the ore-bearing beds. The Billy has not been a productive 
mine. 



MINES OF BALD MOUNTAIN AREA. 189 

Ruhy Bell mine, — The Ruby Bell mine is opened by two tunnels — one in 
Whitetail Gulch trending southwest, the other in the North Fork of Whitetail 
trending southeast. There are two shoots of fairly good size, the easterly running 
a little east of south and probably connecting with the large No. 1 shoot of the 
Union mine, and the westerly running a little west of south. Between are three 
small shoots, which are little more than verticals and which extend upward 
some distance into the shales that form the roof of the usual ore-bearing beds. 
The\' are nearly parallel to the eastern shoot. The two more westerly are in 
contact with a dike of phonolite, one on either side. 

In the south end of the most easterly shoot the ore lies beneath an extremely 
even bed of line, impervious shale, in which no verticals could be detected. 
Careful examination of the ore in the breast of the shoot showed that fractures 
were present in the ofc as very slight displacements to the banding of the rock, 
but that ihey did not extend upward into the shales that formed the roof. The 
ore was of the oxidized variety . 

Lucille mine, — The workings of the Lucille are slightly to the west of the 
Isadomh alK)ve the phonolite sill above mentioned. The mine was not accessible 
at the time the region was visited. 

RoBs-IIannihal mine. — The sill of trachj'toid phonolite that extends westward 
and northward from Sugarloaf Mountain has been cut through by Whitetail 
Creek draining north, and b}' the North Fork of the same creek, joining it from 
the west. In these two creeks are exposed the cliffs formed by the phonolite 
sill which has cut the ore-bearing beds in two. The shoots of the Union mine 
lie in the dolomite parting beneath this sill and above the basal quartzite, and 
the long shoot of the Ross-Hannibal is above the sill. The latter shoot 
therefore lies almost directly above the No. 3 shoot of the Union, which is 
separated from it by this phonolite parting. It is opened by tunnels — one on the 
south bank of the North Fork of Whitetail and the other running westward 
from Whitetail Gulch. The shoot is 1,500 feet long and is 100 feet wide at the 
northern end, from which point it trends almost due south and narrows to an 
extremely slender ore body. South of this narrow portion it widens again and 
bends east, assuming a direction about S. 27^ E. The ore is from 4 to 8 feet thick 
and lies at all points observable directly beneath a shale roof and upon a floor either 
of dolomite or phonolite. The capping shale is extremely even and unbroken 
by verticals except in the narrower portion of the ore body, and even then 
fractures are very small. Silicitied fractures in the No. 3 shoot of the Union 
below show that the ore was formed after the phonolite intrusion. These fractures 
have probably supplied the Ross-Hannibal shoot. 

Three hundred and fortv feet from the south end of the shoot the ore rested on 
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Tho country ro<*k is an extremely decomposed gouge-like alteration of the dolo- 
mite or "sand rock/' At the south end a cross shoot occurs following a vertical 
trending N. 22 -^ E., and another very small shoot trending north and south lies 
a few feet to the east. The shoots dip slightly to the south. This mine has not 
been a very productive one. 

Alpha-PlutuH mine, — The workings of the Alpha-Plutus lie beneath Bald 
Mountain on the north side of Nevada Gulch and extend from the loop in the 
Fremont, Elkhorn and Missouri Valley Railroad eastward. They constitute the 
northward extension of the Tornado mine. The mine is opened by a long west 
crosscut which extends from the north side of Nevada Gulch westward for 
1,150 feet. The countr}- rock is the usual dolomitic limestone that lies directly 
upon the basal Cambrian quartzite but is all in a highly oxidized condition. 
Nine hundred feet west of the opening is a fault which throws the quartzite up 
80 feet on the west; again to the west of this is the continuation of the great 
Tornado fault that throws the quartzite up about 8(X) feet on the west side. On 
the space between these two faults are three long, narrow ore shoots lying at the 
same elevation as the northern end of the big Tornado shoot. One of these is 
the continuation of the Tornado shoot and trends N. 20^ E., the intervening por- 
tion having been cut away by the erosion of Nevada Gulch. This shoot is cut in 
two by the SO-foot fault, which seems to be post-mineral. West of this about 
100 feet is a shorter parallel shoot from the north end of which a shoot trends 
S. 12^ E. intersecting the first-named ore body. On the east or downthrown side 
of the 80-foot fault are sixteen narrow shoots varying from 50 to 600 feet in length 
and trending N. 20^ W.; N. 15^ W.; N. W^ W.; N. S.; N. 25^ E., and one small 
shoot N. 45" W. A few small dikes of grorudite striking N. 7^ W. were cut in 
the northern portion of the mine. These shoots are widely spaced and uni- 
formly narrow, few^ of them exceeding 5 feet in width, and are often very high, 
sometimes ))eing stoped up for 15 feet. The fractures were open and manifold 
and no displacements could be observed at intersections. All of the shoots dwindled 
to mere verticals in a northerly direction. 

This mine has produced considerable ore, but most of it of slightly lower 
grade than that on the south side of Nevada Gulch. This is the only mine on 
the north side of Nevada Gulch in which any appreciable amount of ore has been 
found. 

Tornado viin^.— The Tornado mine is worked through a shaft 315 feet in 
depth, situated 720 feet west of the railroad trestle in Fantail Gulch. There are 
S6 distinct shoots of ore in the mine, which lie upon or close to the basal 
quai-tzite of the Cambrian and about 25 feet above the Algonkian. A very good 
idea of the relative position and size of these ore shoots can be obtained from 
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the map, PI. IX (p. 214). Two of them were of exceptional size, and have fur- 
nished the larger portion of the output of the mine. The main, or ''Big," shoot, as 
it is termed by the owners, is the largest single body of refractory siliceous ore 
yet mined. From its outcrops in Nevada Gulch beneath the railroad trestle it 
extends in a direction slightly east of south for a distance of 1,225 feet. It then 
turns to a direction S. 15° E., which it follows for the balance of its course. 
At the north end it is about 10 feet in width, but widens as it is followed 
inward until at a point 210 feet directly west of the Tornado shaft it attains a 
maximum width of 180 feet. From this point south it narrows to about 10 feet 
and again widens at the southern end, where it passes into the property of the 
Horseshoe Company. The thickness of the ore between quartzite and overlying 
shales is about 6 feet, but increases at some points to upward of 14 feet 
The roof of the ore is shale for the greater part of the length, but at several 
points this is replaced by a sheet of igneous rock. The floor upon which the 
ore rests is in most cases quartzite, which at several points gives place to a 
projecting sill of trachytoid phonolite, connected with a dike on the west. In 
the south end of the mine the Algonkian projects up into the ore, and is itself 
reported to have carried refractory values which in some cases reached $12 per 
ton. Seven hundred and fifty feet south of its outcrop in Nevada Gulch, the 
Big shoot is thrown down 72 feet on the south by a fault, striking N. 22^ E. 
For some distance north of this fault, and through the northern end of the 
downthrown portion ,to the south, the continuity of the ore is broken by many 
north-south porphyry dikes of varying thickness. From a point directly west of 
the shaft the ore comes closely in contact with a large 60-foot dike of trachytoid 
phonolite on the west side. This dike extends far south into the workings of 
the Mogul mine, where it finally dwindles to nothing. The direction of the ore 
body from the point where it joins the dike is S. 12*^ E. for the rest of its 
course. Many small shoots of ore, with varying strikes, join this large body on 
the east side, and the grade of the ore is increased at such junctions. The ore 
is partially sulphide and partially oxidized, and carries average values of about 
$17 per ton. It is higher in the vicinit}^ of the dikes and faults at the northern 
end, but becomes considerably lower at the point where the shoot attains its 
greatest width. 

The other large shoot of this mine is that known as the Bottleson shoot. It 
extends from a point 600 feet north of Nevada Gulch for a distance of 1,500 
feet to the Bottleson shaft and is there deflected to the west. Three hundred 
feet south of this shaft it terminates in, an ore shoot 30 feet in width, trending 
S. 47^ E., which occurs along a fault fissure that throws the southwest side down 
8 feet. At the southeast end of this cross shoot are two other ore bodies, one 
4987— No. 26—04 13 
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small and extending 700 feet to the northeast; the other large and irregular and 
extending 1,100 feet to the southwest, with a strike of N. 25^ to 30^ E., finally 
uniting with the long narrow ore body known as the ''E" shoot. This has been 
considered on the map as a part of the Bottleson shoot, although really a separate 
ore body. The width of the Bottleson shoot varies from 25 to 65 feet. The 
roof is shale, and the floor at times quartzite and at times dolomite. Many 
interesting fractures occur in the roof, following the longer diameter of the ore 
body. Twelve of the other smaller shoots of the mine are parallel to the southern 
end of the Big shoot, and trend between N. 12^ and N. 15^ W.; thirteen trend 
between N. 15^ E. and N. 30^ E. ; one trends N. 47^ W. 

One hundred feet east of the Tornado shaft is an ore body 700 feet in 
length, known as the ''A" shoot, following a manifold fracture with a N. 20^^ E. 
trend. Between this shoot and the Bottleson shoot, a distance of 500 feet in an 
easterly direction, is a long crosscut, which runs upon the basal quartzite and 
intersects no ore-bearing fractures. This barren region forms a syncline in 
which the quartzite and overlying limestone dip away from the ore bodies in 
either direction at angles of 20^ and 15^, respectively. 

At the south end of the mine, and about 350 feet east of the phonolite dike, 
is a comparatively narrow ore body 950 feet in length, known as the "E" shoot. 
The ore in this shoot 'was of good grade, often averaging as much as $35 per 
ton. It followed a strong vertical, which shows little or no displacement. The 
ore — like much of the ore in this part of the mine — does not rest on the 
quartzite, but lies at a distance of perhaps 4 or 5 feet above it at the north 
end of the shoot. This interval increases to 12 feet where the shoot passes into 
the Mogul ground. The floor consists of dolomite. 

Besides these four shoots described, there are on the east of the large 
phonolite dike previously' mentioned twenty-eight other ore bodies that have added 
materially to the production of the mine. While not separately considered here, 
a very good general idea of their relative size and impoitance may be obtained 
from the map (PI. IX, p. 214). 

On the west side of the large dike which forms the west wall of the large or 
main ore shoot the conditions are somewhat different from those to the east. At 
a varying distance west of the porphyry the crosscuts which peneti^ate this dike 
encounter a displacement which throws the west side up for a distance of nearly 
300 feet. In Nevada Gulch this fault is reported to have been very near the west 
side of the phonolite dike, but at a point northwest of the Tornado shaft it diverges 
from the dike, which is deflected to the east, so that on the boundary between the 
Golden Reward and Horseshoe properties the two are separated by an interval of 
700 feet. This fault continues into the Hoi'seshoe property and ap;>ears just west 
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of the Troy shaft, where it shows a clear offset of 300 feet. At the point of 
divergence it is joined by a 72-foot fault that cuts the large ore shoot into two 
portions with a downthrow of 72 feet on the east. Directly on the west side of 
the large phonolite dike there is another displacement by which the west side is 
thrown down for 40 feet at the south end of the mine. The amount of displacement 
decreases to the north, however, until due west of the Tornado shaft it is practically 
zero. This displacement, unlike the others in the mine, seems to have occurred 
at the time of the porphyry intrusion, as it is accompanied by no brecciation or 
slickensides. The porphyrys and sedimentaries show a close and typical intrusive 
contact, often exhibiting considerable metamorphism. 

Directly west of the shaft there are between these two main faults a series of 
small displacements which form narrow benches as one passes westward from the 
phonolite dike. By two of these the quartzite is elevated on the west side succes- 
sively 30 and 40 feet; others are much smaller. The actual offset in these displace- 
ments is extremely small, and much of the difference in elevation is absorbed in an 
extremely steep easterly dip. 

On the separate benches between these displacements are six small ore bodies 
which trend about N. 3^ to 5** E. Considerable ore of good grade was found in 
these shoots, which are of smaller size than those generall}^ encountered in the mine. 
PI. XIX (p. 214) gives an east-west cross section of the mine and will bring out 
these relations clearly. 

The ore from the Tornado mine was partly red or oxidized and partly blue or 
sulphide ore. In the early history of the mine the oxidized ore was especially sought 
on account of the additional difficulty of treating the unaltered sulphides, but with 
the more complete understanding of smelting this preference came to be disregarded. 

The ore from the Big shoot is very markedly banded on account of the 
persistence of beds of shale in a comparatively unaltered condition. In some of 
these the shale bands contain soft white clay, which has presumably resulted from 
the decay of thin seams of porphyry. This clay not infrequently contains high 
values in gold. A partial analysis of it gave the following results: 

Analysis of clay from Big shoot of Tornado mine. 

SiO^ 36.8 

FeO 19 

AlA 16.5 

HaO (combined) 15.3 

Ounces of gold 2.47 ($49.40) 

Ounces of silver 9 

It is stated that in some cases this clay carries values as high as $200 or 
$300 per ton in gold. 
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In general, the ore from this mine averages about $17 per ton in gold. In 
the northern end of the Big shoot, where many faults and a large number of 
dikes interrupt the continuity of the ore, the contained values are higher, often 
averaging $35 per ton; in the large flat body directly west of the Tornado shaft 
they are comparatively low, much of the ore mined carrying only $10 per ton. 
The ore here is little broken or disturbed. The grade is higher where the large 
ore body is joined by latere^l shoots. Little or no secondary enrichment has taken 
place in the mine, for there is little relative difference between the values yielded 
by altered and unaltered ore. 

Chreat Mogvl mine. — The Great Mogul mine is opened by a shaft 305 feet in 
depth, situated in Stewart Gulch, at an elevation 5,986 feet above sea level and 
about 1,600 feet west of the loop of the Fremont, Elkhom and Missouri Valley 
Railroad. The shaft penetrated two sills of porphyry, separated by about 15 feet 
of Cambrian shales, the upper being relatively the thicker. Between the lower 
sill and the basal Cambrian qqartzite occurred interbedded shales and dolomite, 
the more completely marbleized layers of which rested on the quartzite. The 
Cambrian rocks dip east at an angle from 12^ to 15°. The mine comprises two 
large ore bodies. The first was encountered 250 feet directly west of the shaft, 
and by reason of the strong eastward dip is worked by a horizontal drift that 
connects with the shaft 30 feet above quartzite. It is the southward continuation 
of the large shoot of the Tornado mine. It is 110 feet in maximum width and 
about 5 to 10 feet in thickness. At the north end it is divided into two portions 
by a long neck of unmineralized rock. Toward the south it gradually narrows, 
until about 1,350 feet south of its connection with the Tornado it dwindles out 
On the west side is a dike of trachytoid phonolite sloping slightly east and benching 
out beneath the ore. From its contact with this dike on the west the ore dips 
eastward at an angle which increases slightly in an easterly direction away from 
the dike. This dike, like the ore shoot, pinches out to the south. The major 
fractures in the shoot trend north and south, but often there is so intricate a 
network of minute verticals in the shale roof that it is impossible to distinguish 
any predominant direction. West of this dike is a fault which throws the west 
side down for 40 feet at the north end and increases in amount as we proceed south, 
until at the end of the dike the displacement amounts to 100 feet. On the down- 
thrown side of this fault is the second large ore shoot of the mine. This shoot 
is 75 feet in maximum width at the north end and lies against the phonolite 
dike on the east side. Farther south it leaves the contact with the phonolite 
and narrows until finally it dwindles to a mere vertical. On the west side of 
the ore is a ledge of Algonkian quartzite, and beneath the ore for the larger 
part of its southerly course is a floor of the same rock. The basal Cambrian 



GREAT MOGUL MINE. 197 

quartzite, which became very thin below the ore in the upper shoot, is here 
entirely absent. This shoot is connected with the shaft by a drift which passes 
beneath the main shoot through the Algonkian. Iron-stained fi*actures may be 
seen beneath the easterly shoot parallel to the lamination of the schists. These 
may be the downward continuations of the mineralized fractures or verticals in 
the stope above. A cross section of this mine in an east-west direction is given 
in PI. XX (p. 214). The ore from the Mogul is partially oxidized in some places 
and completely so in others. At several points, presumably in the lower shoot, 
the ore contained great numbers of angular fragments of Algonkian rock, among 
which were scattered crystals and isolated masses of jarosite. In the upper or 
eastern shoot layers of very rich clay were found interbedded with the ore. 
These often carried several hundred dollars per ton in gold. The Mogul has 
been a very productive mine. 

Little Tornado mine. — To the west of the 300-foot fault on the divide 
between Nevada and Fantail gulches are the dismantled workings of the Little 
Tornado mine. They are presumably upon the basal Cambrian quartzite, as that 
stratum is exposed at the same elevation in the Double Standard tunnel, a short 
distance to the southwest. 

There are two small shoots striking N. 10^ E., following strong, rather open 
fractures, which converge toward the north and together extend through to 
Nevada Gulch. These shoots are separated by a slight fault which throws the 
eastern shoot down 10 feet, while from the south end of the latter a third small 
ore body trends N. 34° E., to be intersected midway of its course by four very 
small ore bodies parallel to the first two. The strata have a pronounced easterly 
dip, which, together with many slight displacements having downthrows on the 
east side, marks the approach to the great 300-foot fault (mentioned on page 127). 
Two small dikes of rock related to grorudite and striking N. 80° E. cut directly 
across the ore shoots of this mine. Country rock and ore were alike extremely 
oxidized. The mine has not been a heavy producer. 

DoiMe Standard mine, — In the head of Fantail Gulch, above the town of 
Terry, on the north side of the gulch, is the tunnel of the Double Standard mine. 
The tunnel is driven upon the basal Cambrian quartzite, trends slightly north of 
west and intersects seven long, narrow shoots of ore at 100, 150, 200, 287, 312, 
412, and 500 feet west of the opening, respectively. 

The first two are small and strike N. 10" E. and N. 22"^ E. with a large 
dike of coarse-grained rhyolite between. The third or main Double Standard 
shoot trends N. 4^ E. and extends north 900 feet, where it outcrops high up on 
the south side of Nevada Gulch. The ore lay in close contact with a dike of 
rhyolite on the east side for 300 feet and then a slight fault has brought the 
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Algonkian schists into contact with the ore. The other shoots are short and 
narrow and trend N. 25^ E., N. 30^ E., and N. 7^ E. All follow strong and rather 
open fractures, which are mainly vertical in position. Two of these shoots converged 
toward the south, and at the point of intersection formed a large body of ore 5 
feet thick with an extremely even shale roof. Where the fractures come together 
they have slightly discordant dips and intereect one another in both horizontal 
and vertical planes, but no displacements could be detected at the intersection. 
There is a prevailing southwest dip in the mine and slight undulations interrupt 
its regularity, the shoots always lying on the crests of the anticlines. The shape 
of the ore bodies in cross section throughout this mine varied considerably, some 
being elliptical and others so irregular that the ore extended out in thin shelf - 
like masses into the country rock. A shoot was observed in which a shelf- 
like mass of this character, about 1 foot in thickness, lay immediately beneath 
the shales that overlay the ore and extended from 3 to 6 feet beyond the main 
body of the shoot. Much of the ore from this mine was unoxidized, and that 
from the shoots to the south of the crosscut carried large quantities of gypsum 
and green fluorite. 

Boscohel mine. — At the extreme west end of the Double Standard crosscut 
tunnel a 10-foot fault has thrown the basal quartzite up on the west. On the 
upper side of this fault is the long shoot of the Boscobel, which extends south 
400 feet, where it dwindles to a mere vertical, and north for 1,050 feet to its 
outcrop in Nevada Gulch. Midway along its northerly course there is a small 
vertical ore shoot, a few feet to the west, striking N. 35^ E. West of the main shoot, 
where it outcrops in Nevada Gulch, three small shoots are situated. The two most 
westerly are at a high angle to one another, so that they converge to the south, and 
together form an ore bod}- parallel to the main Boscobel shoot. The most 
easterly of the three is between the latter and the converging shoots. The 
fractures of the Boscobel mine are prominent and often inclined at a slight 
angle to the east. Dikes of rhyolite lie in contact with the ore of the main 
shoot on both sides and in many cases divide the ore into two portions. 

Throughout the entire country between the Boscobel and Double Standard 
shoots, and thence eastward as far as the mouth of the Double Standard cross- 
cut, great numbers of north-south dikes of rhyolite occur. The ore sometimes 
liey in contact with them and at others diverges from them at considemble 
angles, showing that the occurrence of the ore is independent of this igneous 
activity, so far at least as the direction of ore shoots is concerned. 

The ore from the Boscobel shows great quantities of brilliant green fluorite, 
together with extremely large crystals of barite, the latter embedded tightl}^ in 
the ore. 
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Hardscrahble mine. — In the end of Fantail Gulch, just below the sharp 
southward bend in the stream, is a long open cut from the west end of which a 
tunnel leads westward into the Hardscrabble mine and thence through to the 
Welcome shaft. South of this open cut, and south also from the tunnel, is a 
series of irregular stopes, open to the north, from which low-grade ore was^ 
mined. These bodies passed into fairly regular stopes toward the south, but in 
the neighborhood of the open cut the ore was included between an inextricable 
tangle of dikes, sills, and irregularly bounded masses of rhyolite. The workings 
are presumably near the basal quartzite of the Cambrian, for that rock is exposed 
in the Welcome mine to the west. Fractures pass through rhyolite, shales, and 
dolomite indiscriminately. To the north of the tunnel and open cut are a series 
of narrow shoots following fractures that trend N. 20^ E., and probably connect 
with the shoots of the Double Standard. Southwest of the Hardscrabble workings 
is a long shoot trending northeasterly, and connecting with the workings of the 
Welcome mine. It is inclined shai-ply south, following the dip of the quartzite, and 
on the east is in contact with a dike of rhyolite. The ore from the Hardscrabble 
mine contained great quantities of purple fluorite, and some of the rhyolite itself 
was so heavily impregnated with this mineral that it contained workable values. 

Welcome mine. — The Welcome mine is opened by a shaft situated on the 
northwest side of Fantail Gulch, just above its bend toward the south. It is sunk 
on a fault which strikes north and south and throws the west side down 30 feet, 
but dies away to the south. The strata dip to the south at an angle of from 10° 
to 12^. About 25 feet west of the shaft is a shoot 100 feet wide by 10 feet in 
thickness and 625 feet in total length. This large ore body is caused by the 
occurrence of innumerable parallel fractures which, while they arc strong and 
display considerable opening, are so closely spaced that they have produced an ore 
body of great size. (See PI. XHI, p. 214:.) So close are they to one another that 
the shale roof has been sufficientlv silicitied between to carry considerable values. 
This shoot terminates against an eastward-dipping dike or crosscutting sill on 
the west side and gradually dwindles to a mere vertical on the south. West of 
the south end of this large shoot are a great number of small shoots on fractures 
striking north and south, N. 10^ W., N. 15^ E., and N. 30- E. JMuch of the ore 
in this mine was separated from the quartzite by from 2 to 3 feet of red dolomite. 
The Welcome has been a heavy producer. 

Harmony mine, — This mine is opened b}' two tunnels on the south side of 
Fantail Gulch above the town of Terry. The workings are now inaccessible, but 
from the map there seems to be a series of small shoots trending N. 5^ to 10° 
E. The workings are directly south of the Little Tornado and just west of the 
great 300-foot fault. 
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Ben IIuT mine. — On the south side of Nevada Gulch, some distance north of 
the opening of Cherry Creek is the tunnel of the Ben Hur mine. It runs a 
little south of west down a gentle incline through the schists of the Algonkian. 
It then encounters a dike striking parallel to the schists. On the west side of 
this dike a fault has thrown the Cambrian down so that the quartzite is on a 
level with the adit and the poiphyry dike has turned over into a sill toward the 
west, so that about 5 to 6 feet of Cambrian-banded dolomite and shales intervene 
between quartzite and eruptive rock. Lying directly against this eruptive rock 
on the east and beneath the sill is a large shoot of ore. South of the tunnel 
the ore body turns sharply southwest, presumably following a coordinate fracture 
and then sharply south, so as to resume its original direction which it maintains 
for a considerable distance. 

The fracture which supplied the ore passed up into the porphyry and was 
about 3 inches in width and filled with a mass of large interlocking quartz crys- 
tals, which projected from a narrow baud of silica into the op)en spac« between 
the walls. This quartz-crystal ore was reported to have yielded high values. In 
the extreme south end of the mine the ore lies against the Algonkian schists, 
probably on account of slight faulting. The ore from the Ben Hur was oxidized 
and carried high values, sometimes yielding $60 per ton in gold. The mine is 
still productive. 

Baltimore mine. — ^The Baltimore shaft is situated in the l)ed of Nevada Gulch 

south of the saddle between Bald and Green mountains. The country rock is an 

eruptive, probably related to the grorudites. This is intersected in the shaft to 

a thickness of 60 feet; below is a parting of Cambrian shale 40 feet thick, another 

sill of eruptive rock 20 feet thick, and then 110 feet of Cambrian shale and 

dolomite. The shoots are scarcely more than verticals and lie in the dolomite 

above the basal Cambrian quartzite. Two trend N. 20° E., two N. 25° W., and 

one N. 70° E. These verticals have not been indicated on the map in PI. IX (p. 214) 

on account of the uncertainty as to their exact location. 

/ 
MINES ON THE TIPPER ORE-BEARING BEDS. 

Daisy mine. — ^The workings of the Daisy mine are situated on the divide 
between Fantail and Stewart gulches just east of the 300-foot fault and directly 
over the most westerly shoots of the Tornado. They are but a few feet below the 
surface. The country rock is a green glauconitic shale, containing bands of dolomite, 
but exhibiting no heavy beds of the latter type. The ore is colored green by 
much included ghiuconite and contains many large cavities or vugs distributed 
without regularity. 

Upper Wel'Come mine. — West of the Welcome shaft and far up on the north- 
west slope of Fantail Gulch are some small workings that are at a much higher 
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altitude than the workings of the Welcome mine. The country rock is Cambrian 
shale containing great quantities of glauconite and intercalated layers of a dolomitic 
character, none of which are very thick. The ore was. mostly in the nature of 
narrow silicified shoots following small north-south fractures, but extending only 
short distances laterally from them. Much eruptive rock occurs in i-ather confused 
relations. The geological position is probably about the same as that of the 
Daisy mine and may correspond to the upper contact of the Portland district. This 
and the Daisy mine to the east are the only ore bodies in the Ruby Basin district that 
are in what may be properly termed upper ore-bearing beds. The fact that the 
country rock is such an impure variety of dolomite, interrupted by many shale 
bands, indicates that ore-bearing beds which exhibit considerable uniformity of 
texture and freedom from impurities at one locality may give place to comparatively 
unreplaceable rocks at another. 

PORTLAND DISTRICT. 

Dividend mi fie. — The Dividend mine is situated upon the northern slope of 
Green Mountain, a little north of east from the town of Portland. It is operated 
by two tunnels running into the hillside and opening into a small tributary of 
the north fork of Deadwood Gulch. The workings are about 20 feet above the 
Algonkian upon the basal Cambrian quartzite, which dips slightly west of south 
at an angle at from 4^ to 6°. Two small flat bodies of ore were mined from the 
noi-theast end of the mine. They occurred at the intersection of many small 
fractures which trended N. 25^ E., N. 44^ E., and N. 18^ W. The ore rests on 
quartzite and beneath a thin bed of shale, but ends abruptly on the west against 
soft Algonkian phyllites, which are faulted up by a slight displacement trending 
about N. 78^ W. The ore in these two bodies was irregularly bounded and 
about 5 or 6 feet in thickness. Mineralized fractures pass from the ore into the 
Algonkian, in which rock they have yielded some pay ore. Another small ore 
body occurs in the extreme southwest end of the mine at the intersection of 
fi-actures trending N. 30- E., N. 38^ E., and N. 36^ W. This ore body is about 
50<) feet northeast from the nearest mine, in the upper ore-bearing beds, and is 
separated from theni b}^ an interval of Cambrian strata and intruded porphyries 
527 feet in thickness. The other ore bodies of the mine were narrow shoots, sel- 
dom more than 5 feet in width, which followed rather open fractures but often 
extended to considerable distances in a vertical direction, in one case as much as 
40 feet from the quartzite. The largest of these fractures contained fragments of 
Algonkian schist, and was sometimes 6 inches in width. It trended N. 53^ E., 
and carried ore for 740 feet. Other small ore shoots followed fractures trending 
north and south, N. 15- E., N. 25^ E., N. 44^-53^ K, and N. 34^^-40^ W. The 
fractures are open and but little mineralized when compared with those occurring 
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on upper contact and in mines where the ore bodies are extensive flat masses. 

Dikes of decomposed eruptive rock of a few feet in thickness occur in great num- 
bers; many of these have breccias along their contacts. The dikes appear to 
intersect the verticals, but the rocks are too decomposed to give positive oidence. 

The ore is of three varieties: The first is a gouge-like decomposed material 
heavily charged with oxides of iron and manganese, and often containing 
considerable sandy fluorite; the second is a sandy material resulting from the 
disintegration of the basal quartzite and often mined to its contact with the 
underlying schists; the third is the usual hard refractory siliceous ore. The first 
two varieties of ore carried values of from $10 to $25 per ton, but the siliceous 
ore generally contained from $25 to $50 in gold with but little .-*' -er, which 
is strongly in contrast with ore of the same character in the upper beds, the 
latter yielding uniformly low values and a relatively high silver content. 

A peculiar, hard, ferruginous jasper occurs in this mine in the same banded 
masses as the ore, but it carries no workable values. It is termed "liver-colored 
rock" by the miners. 

SncncHUma mine, — ^The Snowstorm shaft is located in the extreme head of 
Nevada Gulch. It is about 345 feet deep and has produced no ore. It is impor- 
tant in that it comprises an extensive series of barren workings on the basal 
Cambrian quartzite and indicates that ore bodies are probabU' absent in the barren 
region l^Mng east of the Portland district. 

Two Johrui m!ne.— The Two Johns mine is located in a southwest tributary 
of main Squaw Creek, al>out 1 mile east of north from Crown Hill. The basal 
quartzite and al>out 20 feet of the Cambrian rocks are here exposed and outcrop 
all along the west bank of Squaw Creek, dipping southwestward from the great 
poiphyry mass that forms War Eagle Hill. Alx)ve the shales is a thick sill of 
rhyolite. The mine is opened by two tunnels on the basal quartzite which 
diverge at the mouth, one running southeast and the other southwest. There 
are two long, narrow shoots of ore, the southern trending N. 50^ E., and the 
northern composed of two portions, of which the eastern trends N. 70^ E. and 
the western N. 25- E. At the junction of the two portions the ore body is 20 
feet wide, the ore of the small shoots following fmctures that strike l>etween 
N. 70 ^ and 50^ E. Two small dikes of eruptive rock cross one of these ore bodies 
and the frac^tures do not pass through them. On the west side all of the shoots 
are cut off against an eastward-sloping wall of dark, coarse-grained rhyolite. 
The mine has not been a very productive one. 

GiuihwHt and MancheHttn\ — On the quartzite rim that is exposed in the head 
and on the west side of Squaw Creek are a few small workings that belong to 
the Gushurst and Manchester mine. There occurred in these workings in the 
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dolomitic shale a few isolated masses of jasperoid rock in which irregular patches 
of galena and cerussite were found. These mines have not produced much ore. 

Lahrador mine. — In Labrador Gulch at an elevation of about 5,500 feet above 
sea level is an exposure of Cambrian rocks much distorted by intrusive sills 
and dikes. There are a few workings that have yielded some refractory siliceous 
ore. These are now inaccessible. 

Decorah mine, — The workings of the Decorah mine lie on the eastern side 
of Green Mountain. They are opened at the north end by two tunnels about 50 
feet above the milroad and follow two long narrow ore bodies southward for a 
distance of 650 feet. The workings are about 20 feet below the Scolithn^ sandstone 
which lies at the top of the Cambrian series. The country rock dips slightly to 
the south-southwest, and the ore bodies trend S. 35^ W., following the dip. 
The easterly shoot is from 25 to 30 feet wide at the south end, but gradually 
narrows to a mere vertical at the north. A little south of midway along its 
course it widens to the west until it has attained a maximum width of 100 feet. 
Shales form the roof of the ore body and the floor upon which the ore rests. 
The fractures are extremely strong and open, sometimes occupying the entire 
roof of the stope. The ore is from 2^ to 3^ feet thick and corresponds exactly 
to the thickness of the replaced bed of dolomite. The more westerly shoot is 
narrower and at the south end the ore extends up into the shales that form the 
roof, thus forming a very narrow vertical ore bod\'. 

Trojan mine. — The Trojan is opened by a tunnel running S. 35^ E., and 
situated on the north side of (xreen Mountain east of the workings of the Decorah. 
The country rock is here Cambrian shales, very glauconitic, with an interbedded 
layer of dolomite about 4 to 5 feet in thickness. The mine comprises a broad, 
flat stope about TOO feet long and 85 feet in maximum width, but narrowing 
toward the southern end. At the south end the ore is divided by a dike of coai-se 
rhyolite striking N. 85^ E., which is itself greath' silicified in places, and often 
stained dark brown where it comes in contact with the ore. The ore from the 
Trojan yielded relatively high values in silver, thus contrasting strongly with the 
ore taken from the Dividend mine to the north and Win^ upon the basal Cambrian 
quartzite 527 feet below. 

Alameda. — The Alameda is an open cut at the south side of Green Mountain 
and is probably a continuation of the Decorah. Fractures run about S. 35^ W. 
and the country rock dips about 8^ in a direction S. 8" W. There is a bed of 
considerabh^ oxidized fine-grained dolomite 2 feet in thickness, above which are 
14 feet of glauconitic shales with thin interbedded layers of a dolomitic character. 
The vertical seen in this open cut shows a heavy bed of ore replacing the main 
dolomite layer, but upon passing into the shales above the silicification is 
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confined to a slight replacement of the thin dolomitic layers. The ore from the 
Alameda is of low grade, not generally averaging more than $9 to $10 per ton. 

Foiger raine. — ^The Folger mine is on the south side of Green Mountain about 
150 feet west of the Alameda. The ore shoot is small and trends N. ZO^ E. but 
divides into two portions at the northern end. A few fractures are present but 
the roof &s a whole is an extremely uniform and unbroken bed of shales. 

Perseverance mine. — The Perseverance mine is opened by a tunnel situated 
about 200 feet west of the Folger and running N. 35^ E. from the south side 
of Green Mountain. There are three ore shoots, the central one of which is 
very narrow. It widens at the north end into a broad, flat stope about 50 feet in 
width in which few, if any, verticals can be observed in the shale that forms 
the roof. The other ore shoots trend in the same general direction and the ore is 
about 3 feet in thickness. It lies between two beds of shale. In the more westerly 
shoot there are two blankets of ore, one above the other, separated by an 
interval of unmineralized shale. 

Empire State mine. — ^The Empire State mine is opened by a long tunnel 
extending southward from the north side of Green Mountain completely' through 
the hill and connecting with the workings of the Mark Twain on the southwest 
The ore is from 2i to 3 feet in thickness and lies between two beds of imper- 
vious shales. In places it comes in contact with irregular beds of coarse-grained 
rhyolite. Fractures trend N. 25^ E. and N. 35^ E. Many of the shoots occurring 
in this mine are very broad and flat, the roof being interrupted by few fractures. 
The average thickness of the ore is from 2i to 3 feet. 

Mark Twain mine. — The Mark Twain mine is opened by a series of tunnels 
running from the head of Nevada Gulch in a northwesterly direction. The 
country rock is a Cambrian shale with two interbedded layers of dolomite sep- 
arated by about 5 feet of shale. The lower la\'er of dolomite is 3 feet in thick- 
ness; the upper is 2 to 2i feet. The ore forms a large, irregular channel-like 
mass 1,200 feet in length. It lies in two blankets of extremely even upper and 
lower contacts and replaces two beds of dolomite. Much glauconite occurs in 
the shales. Fractures are present in this mine intersecting one another in an 
irregular manner. The most frequent of these trend N. 35 to 40^ E; Many 
others occur striking N. 85- E., N. 60- E., N. 50^ E., N. 80^ W., N. 33^ E., 
and N. 10^ W. The irregular character of the Mark Twain stopes is due to the 
intersection of these fractures. At the south end of the mine the strata of the 
Cambrian bend upward sharply toward the southwest. The ore is largely sul- 
phide ore, and the values which it contains are often distributed with great 
regularity. The Mark Twain has been a very productive mine. 
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Leopard and Jessu Lee miiie. — This mine is entered by a tunnel on the north 
side of Green Mountain, a few feet east of the town of Portland. The workings 
lie about 20 to 25 feet below the Scolith'us sandstone which is exposed in the 
cut of the Burlington and Missouri River Railroad near the railroad station. 
The ore occurs in large irregular flat masses, about 40 feet in maximum width 
and about 2 feet in thickness. It lies apparently upon a 3-foot sill of coarse- 
grained rhyolite and beneath argillaceous and glauconitic shales. The fractures 
in the roof are extremely small and follow directions N. 20^ E., north and south, 
and N. 20^ W. 

Burlingtmi and Oolden Sands mines, — The Burlington and Golden Sands mines 
are opened by a tunnel that enters the north side of the hill just above the rail- 
road. A few feet from the mouth of this tunnel is a long crosscut that runs 
southeast and connects with the workings of the Leopard and Jessie mines. In 
the shoot there is intersected a series of broad shoots of ore trending as a whole 
about N. 35^ E., and lying about 18 feet below the Scolithus sandstone that forms 
the uppermost layer of the Cambrian series. The ore-bearing beds are about 2i 
to 3 feet thick, but are interrupted by more than the usual number of shaly 
layers. They are overlain and underlain by glauconitic shale. Thei'e is a slight 
southwesterly dip throughout the mine. The fractures are widely spaced but 
extremely strong, for the silicification has often extended for 6 inches from them 
in the shales that overlie the ore-bearing beds. The shoots follow fractures which 
trend about N. 35^ E., and are intersected b}' others running N. 13^ E. and occa- 
sionally N. 60^ E., the largest bodies of ore occurring in the vicinity of such 
intersections. The ore is about 2i to 3 feet thick. At the southeast end of the 
mine another blanket of ore was discovered about 6 feet above the first and 
separated from it b}^ glauconitic argillaceous shales. 

Portland mine. — The Portland mine is situated west of the town of Portland 
just south of the crossing of the narrow and wide gage railroads. There 
are two dolomite beds that carry ore, all dipping slightly southwest and inter- 
bedded with argillaceous and glauconitic shales. At one point there is a small 
bed of dolomite 8 inches thick intervening between the other two. These beds are 
not continuous over an}' very extended area, for they often become shaly or grade 
into comparatively unreplaceable rock. The more easterly portion of the work- 
ings is about 20 feet higher than that to the west, and comprises an open cut and 
three vertical ver\' narrow and high ore bodies, all in the shales that overlie the 
principal ore-bearing beds. The ore from these workings contains very high 
values in silver, but, as is usual with ore bodies in the comparatively impure 
dolomitic shales, extends but short distances from the supplying fractures. There 
are three large verticles of this type trending N. 25^ E. and a smaller one 
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qiuuitities of rich siliceous ore were foiud resting almost directly upon the Algon- 
kmn schist. To the west lie the great chambers from which the auriferous 
conglomerates were mined. 

Big MvmjuH mine, — ^The Big Missouri comprises two tunnels far up on the 
west side of the Homestake open cut and running into the decomposed dolomite 
of the Cambrian that here lies directly on the schists. The ore occurs in small 
bunches in this rock and exhibits a shell-like concentric parting. It contains 
extremely high values. Fractures were observed at the west end of the tunnel 
passing from the Cambrian rocks into the schists of the Algonkian. 

Svximp Eagle mine, — On the west side of the divide, between Poorman and 
Bobtail gulches, is an open cut on the Swamp Eagle claim. Irregularly bounded 
masses of siliceous ore, carrying much barite and some wolframite, but compar- 
atively low values in gold, were mined from this cut 

Hidden Fortune mine, — The Hidden Fortune mine, at the time it was >nsited, 
was a small open cut in the basal measures of the Cambrian, at the head of 
Bobtail Gulch. The ore was exposed on the surface and lay like most of the 
siliceous ore, almost horizontal. It contains barite, sometimes in extremely large 
white crystals measuring 8 inches in length. It is much oxidized, and dissem- 
inated through it in great numbei*s are scales and ciystals of native gold. This 
ore is so rich that a single car of 10 tons is reported to have yielded $65,000. 
Considerable wolframite occurs in this ore. 

Durango mine. — ^The Durango mine is located upon the north side of Gold 
Run, just above the Black Hills and Fort Pierre Railroad, with the workings of 
the Reddy adjoining it on the east and of the Harrison on the west. It is one 
of the oldest mines of the hills, being first managed by W. B. Devereux in 1877, 
and is still profitably worked. There are three varieties of ore — auriferous con- 
glomerate, wolframite, and refi^actory siliceous. The auriferous conglomerate 
was first mined. It is 15 feet thick and rests directly upon the schists, probably 
connecting eastward with that worked in the Harrison. Devereux reports that 
much gold occurred free, was richest at its contact with the slates, and was 
often dissolved and reprecipitated in crevices in the latter rock. He reports that 
the richest portions of it rested on a surface inclined upward toward the west 
away from the lowest point of the channel. The Cambrian rocks all dip east at 
this point, however, and it is probable that this inclination was the result of 
differential movements in the Algonkian rather than a feature of the deposition 
of the conglomerate. Devereux reports coarse, shot-like masses of waterworn 
gold clinging to the under surfaces of large rounded bowlders at their point of 
contact with the Algonkian. Stamp milling extracted 90 to 95 per cent of this 
gold. These workings are now caved in. At the upper limits of this conglom- 
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ei*ate small patches still in an unoxidized condition occur, showing pebbles 
embedded in a matrix of pyrite, with cavities lined with crystals of this mineral. 
Above the conglomerate and in the dolomitic beds lie 8 inches to 2 feet of 
refi-actory siliceous ore which occurs in broad shoots following fractures trending 
generally northwest, but not often discernible in the shales above the ore. It 
consists of interlocking crystals of barite embedded in a matrix of secondary 
silica and detrital grains of quartz. It grades into wolfmmite in places, especially 
on the rims of the ore. The wolfmmite is gi-anular and carries but little gold; 
the white baritic ore contains between $25 and $60 gpjd per ton. At several 
points in the mine the portion of the conglomerate immediately underlying the 
siliceous ore consists of a mass of pebbles embedded in a matrix of sand grains 
and secondary silica through which were scattered great quantities of native gold 
in sharp and branching forms. 

GARDEN AREA. 

PeTwbscot mine. — ^The Penobscot mine is opened by a tunnel situated on a 
northwestwardly projecting spur that lies to the southeast of Garden. The 
tunnel is upon the basal Cambrian quartzite, which dips 10- W.; it follows a 
shoot of siliceous ore 12 feet thick bv 12 feet in maximum width, which trends 
N. 40^ E. A strong manifold fracture may be observed in the roof. The ore 
lies in separate blankets of varying but rather small thickness, separated from 
one another by bands of unmineralized shales. The ore shows many cavities lined 
with crystals of jarosite and contains small quantities of barite. It is all of the 
oxidized type. Two minor verticals occur to the east, striking N. 54^ E. 

KeysUme and aiher mints. — Southwest from the Penobscot the outcrop of 
basal Cambrian quartzite extends around the ridge and southward toward the 
divide between the northwardly flowing tributary of False Bottom Creek and 
Blacktail Gulch. On this outcrop are many small productive workings following 
fractures which trend N. 38^ E., N. 45- E., N. 55^ E., and N. 60- E. Ore bodies 
are small but often cjuite profitable. The largest masses occur at intersections. 

Ilarrmni mine. — Between the south tributary of False Bottom Creek and 
Blacktail Gulch is a divide upon which about 65 feet of Cambrian strata remain. 
A shaft on the center of this divide 65 feet deep constitutes the opening to the 
mine. There are three small ore shoots between 5 and 80 feet wide by 10 feet 
thick following fractures trending N. 47^ E., N. 71*^ P^., and N. 85'- E. Several 
minor fractures trend N. 20^ E. The ore bodies are largest at the intersections. 
Face samples of ore from this mine carried sometimes as much as $88 per ton, 
and the ore averaged about $30 to $35 per ton in gold, with some silver. On 
the hill southwest of these workings is an open cut, in which the basal quartzite 
4987— No. 2ft— 04 14 
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» exposed, dipping northeast. Two long shoots trending N. 70^ E. occur here, 
one of them 6<X) feet long. These converge at the southwest end and are 
intersected by a third shoot trending N. 38^ E., the three forming a stope 60 
feet wide. 

Gohl^-n Gate mine. — The Golden Gate mine is worked bv a shaft on the 
north side of the head of Blacktail Gulch. It is now producing a good deal of ore. 
The mine was inaccessible when visited. 

Kkh'uuj Horne /nine. — This mine is also on the north side of Blacktail Gulch, 
not far from the Golden Gate. It is opened by a shaft, from which a crosscut 
runs northwest. It is stated by the foreman that there are 9 small ore shoots 
in this mine, and the quartzite is strongly faulted up to the northwest at the end 
of the crosscut tunnel. 

Blacktail (f). — Directly south of the Golden Gate shaft and on the south 
side of Blacktail Gulch is a mine which lias produced a considerable amount of 
ore, but for which the writer could get no distinctive name. It is opened by 
four tunnels, separated from one another by slight northeast-southwest faults. 
There are seven small shoots following fractures, which trend N. 30^ E., N. 43^ 
E., N. 20^ E., and N. 50^ E. The largest stope occurs at the intersection of 
a system of N. 20^ E., with N. 50- E. fractures. 

Wells Fargo mine. — The Wells Fargo mine is located on the south side of 
Blacktail Gulch, west of the cross roads that lead into Tetro Gulch. There are 
two sets of workings, of which the western series is higher in elevation than the 
eastern on account of the strong easterly dip of the Cambrian strata. The 
western series of workings is opened by a crosscut trending southeast and com- 
prises ten small narrow shoots that follow small fractures which trend N. 65*^ E. 
and N. 57^ E., with a few minor intersecting shoots trending N. 20- E. and 
N. 32^ E. The lower workings are east of those just described, and comprise 
one large shoot of ore trending N. 55'^ E. and three smaller shoots trending 
N. 47 E., N. 50- E., and N. 69^ E. The fractures are very tight, and can not 
be seen except in the faces of ore at the end of the shoots. They do not extend 
into the shales that overlie the ore. 

Avwrican Kxprem mine. — The American Express mine is opened by a tunnel 
running northward from the bed of Sheeptail Gulch about one-half mile west of its 
junction witli Blacktail. The workings which lie just south of those of the 
Wells Fargo are upon the basal Cambrian quartzite and in dolomite of the hard, 
blu(^ crystalline variety. Above the ore-bearing beds about 15 feet from the 
quartzit(» is a sill of line-grained rhyolite. The strata dip to the east at an 
angle of 10 to 15-. There are nine ore bodies in the mine, of which four are 
of (considerable size. The largest is 50 feet wide at the center and was formed 
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by four systems of fractures trending N. 40^ to 45^ E., N. 50^ to 65^ E., N. 60° 
to 65° E., and N. 85° E. From the east end of this large ore shoot a crosscut 
runs north and intersects twelve small shoots, of which three trend N. 85°; three 
N. 40° to 45° E.; two N. 50° to 55° E.; and four N. 60° to 65° E. The ore 
bodies become larger where the fractures striking N. 85° E. intersect those 
striking N. 40° E. The fractures passed from the ore into the overlying sill of 
rhyolite. All of the ore bodies in this mine except the large shoot on the 
east lie from 5 to 7 feet above the quartzite the ore resting on a floor of blue 
dolomite of exactly the same chamcter as the walls and inmiediately beneath a 
a roof either of fine impervious shales or of rhyolite. The ore mined was all 
of the sulphide variety and yielded fair average values. 

YELLOW CREEK AREA. 

Danelsan fraction. — The Donelson fraction comprises two ore shoots, the 
larger following the zone of fracture with a general direction of N. 12° W. It 
is opened by drifts at two points; the first is a little north of the porphyry 
knoll which occupies the center and narrow southerly portion of the divide 
between Whitewood and Yellow creeks; the other is an incline a little more 
than 700 feet southwest of this point. About 300 feet southwest of the north 
opening of the mine an ore body, following a fracture whose strike is about N. 
60° E., entei's the main shoot. This fracture extends northeast as far as that 
which has produced the main ore body by which it is abruptly cut oflf, not 
appearing upon the other side. At the south end of the mine the ore body bends 
slightly to the southeast and divides into two portions, which trend S. 20° E., 
and extend into the Kickapoo claim. At the north end the fracture is of an 
extremely irregular form. The ore body varies from 6 to 30 feet in width and 
is about 14 feet in thickness. The roof is a decomposed shale; the walls are 
oxidized, iron-stained, and banded dolomite. The ore is reported to have yielded 
values averaging about ^50 per ton. At many places in this mine the quartzite 
which, underlies the ore carries from $15 to $25 per ton in gold, but is always 
much lower in grade than the main body of the ore. 

Wasp No. i. — Directly east of the Donelson fraction is the Wasp No. 2. 
Two series of ore bodies of very small size, but often of considerable length, 
were here mined. Fractures are completely obscured by the very decomposed 
character of the roof. Five of the ore shoots trend N. 45° W.; three of the 
longer shoots N. 33 to 38- E.; two, N. 80° E. Two small shoots trend N. 3° 
E., and complete the series. 

Wasjp No. ^, Little Bhie, and Little Blue fraction, — Four hundred feet southwest 
of the south end of the Donelson mine are the Wasp No. 2, Little Blue, and Little 
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Blue fnctioiu while <!Outh of these mines a short distance are the Wasp No. ^ and 
>Iiniiie mines. The workings of all these mines are c-onnected with one another. 
The ore lies directly upon the quartzite. and except in certain portions of the Minnie 
mine carried high values. The shoots vary from 5 to 44.) feet in width and are 
generally 5 to 6 feet in thickness. In ail but a few cases the roof is a much decom- 
po!<ed shale. Lagging has generally obscured the fractures, but the ore bodies 
trend generally N. 37^ to 40^ E. There are minor ore bodies striking north and 
south and X. 12^ W. A few other shoots are present which follow directions 
undetermined. Quantities of barite occur in the ore, and irregular porphyry 
dikes are found with considerable frequency. 

In the Wasp No. 2 mine a large irregular porphyry mass, striking slightly west 
of north, faults the Cambrian about 20 feet. As it proceeds toward the south it 
becomes divided into two dikes, on the west side of either of which is a fault with a 
small downthrow of about 8 or 10 feet. Between these two dikes is a small stope 
about 40 feet wide and 6<> feet in length. One of the porphyry dikes curves up over 
the ore so that the space is almost entirely inclosed in porphyry. This small body 
of ore is reported to have yielded $75,000. From several of these mines deposits of 
granular wolframite were mined. It occurs in nodules and as rims to the main body 
of the ore. In one case the wolframite was observed forming kidney-shaped masses 
in the decomposed dolomite lieds a few inches from the quartzite. Much of this is 
reported to have contained high values in gold, and was shipped to the smelter and 
treated for that mineral }x?fore its value as an ore of tungsten was recognized. 

Two Strike and Little PitUhurtj inhun, — These mines have yielded but small 
quantities of siliceous ore and are more important in connection with the tungsten 
d(?posits discussed on page 164. The ore lies on the l>asal quartzite and carries l>arite 
and quantities of granular wolframite, which itself contains radiating crystals of 
barite and cavities lined with scheelite. Some of the siliceous ore contains long, 
acicular crystals of stibnite radiating from a center like the spicules of a radiolarian. 

SQUAW CREEK AREA. 

ChojHttra mine, — The Cleopatra mine is situated on Sijuaw Creek, just above its 
junction with Spearfish Creek. The ore occurs as a replacement of dolomite along 
fractures which strike nearly east and west. There were some small bodies of flat 
siliceous ore oixjned at the time the mine was \nsited, but no large ore shoots were 
discoverexl. Since this report was written this mine has become an important 
producer. See page 152. 



PLATES II TO XX. 

IL Scotbem Deadwood-Terra open cut. 

m. S^tedmen of elate showing relation of folding to lamination. 
IT. Sbench map of a portion of the northern Black Hills, showinfir the location of the several 

Ff^icia] maps incladed in this paper. 
V. Generil geologic map of the northern Black Hills, showing the location of the various 

ftroductive mining areas and their relation to the sedimentary formations. 
VL Geolagic map of Lead and N-icinity, showing the location of the auriferous gravels at the 
base of the Cambrian and the general geology in the neighborhood of the Home- 
stake lode. 
TIL GarD€ti£en>os ore from the Pierce stope, Homestake mine, showing secondary quartz intro- 
duced between (A) shattered garnet {B) and scattered carbonate. 
Till. Sketch map of the Clover Leaf mine, showing relation to surface geology. 
IX. Map showing the principal shoots of refractory siliceous ore in the Bald Mountain area 

and their relation to surface geology. 
X- Dolomite or ore-bearing rock: .4, xenomorphic variety; 5, automorphic variety. 
XL Type craes sections of siliceous ore shoots, showing varying forms: A, Simple fracture 
without mineralization (from occurrence in the Penobscot mine, Garden area); B, 
Slightly inclined fracture with incipient mineralization (Little Bonanza mine, Bald 
Mountain area); C, Showing the great vertical and limited lateral extent of ore shoot 
arising from the mineralization along a strong open fracture (Penobscot mine, Garden 
area); Z>, Showing concentration of ore beneath shale roof and its tendency to narrow 
as followed downward to the quartzite; Ey Nearly circular shoot in clearly marked 
dolomite beds (the E shoot. Tornado mine. Bald Mountain area); F, Showing coales- 
cence of mineralization along adjoining fractures, which become extremely tight above 
(Isarlorah mine. Bald Mountain area); G, Showing bands of waste in the ore produced 
by the occurrence of leas easily mineralized shale between beds of dolomite; //, No. 3 
shoot of Union mine north of the crossc^ut, Bald Mountain area, showing manner in 
which the greatest thickness of ore occurs along the ** vertical" or fracture; /, Man- 
ner in which beds of impure dolomite above the main ore body are partially replaced 
(Alameda open cut, Portland district); J, Manner in which a large flat ore body aris- 
ing from a single complex fracture is concentrated beneath a bed of shale (No. 6 
shoot, Double Standard mine, Bald Mountain area); K, Cross section of Tornado shoot 
at the widest point, showing formation of immense flat body of ore on zone of inter- 
secting fracture. 
XII. Af ComjKMite fracture or *'vertic"al," as seen in open cut of the Cleopatra mine. Squaw 
Creek; 5, Mineralized fractures or ** verticals" in porphyry near the mouth of the 
Little Bonanza mine, on south side of Fantail Gulch. 
XIII. Plan of a portion of the Welcome mine. 

XIT. Microscopic sections of siliceous ore from the Ross-Hannibal mine: -4, without the polar- 
izer; By with the jwlarizer. 
XT. Microscopic sections of siliceous ore, showing the perfect preservation of the details of the 
original rrxik texture after complete replacement by silica: Ay without the polarizer; 
By with the i>olarizer. ' 

XVI. Bande<l siliceous ore, No. 2 shoot, Union mine, showing the preservation of sedimentary 

beilding in the ore. 
XTII. Geologic map of Raggeil Top Mountain and \'icinity, showing position and direction of the 

main Ragged Top '* verticals," also the location of the Ulster mine. 
XTIIL Plan and cross section of the Hawkeye-Pluma mine, showing the geologic relations of the 
gold-bearing Cambrian conglomerate. 
XIX. East- wept cross section of the Tornado mine. 
XX. Plan and east-west cross section of the Great Mogul mine. 
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Black Hlllfl Gold and Extraction Company, smelting 

plant of 117 

Bla<-ktall Gulch, gold-bearing conglomerates near .. 103. 

106-107 

ore from, anal>>iA of 143 

Blacktail (7) mine, deocrlption of 210 

Blake, W. P.. citcfi on tin ores in southern Black Hills. 9C 
Bobtail Gulch, gold-bearing conglomerate l^etween 

Dendwood Creek and IOC 

Bonanza mine, gold production of 117 

Boscobcl mine, description of 19^ 

fractures In, relation of, to mincrallzatidn 13-'> 

orcsho^nof, dimensions of 125 

Bottleson cho<»t, length (»f 125 

Boulder Creek, Quaternary gravels along 41 

B4»utwell, J. M., acknowledgment t4> 53 

B'^wie, J. Augustus, jr., gold ores of northern Black 

Hills examined and repwrte*! on by 57 

Breccia, porphyry, occurrence of 8»-90 

Breccias, intraformational, occurrence and character 

of 27-l>9 

Burlington and Golden Sands mines, description of . . 205 

Buxton mine, description of 1S4 

gold product Ion of 118 

Buxton Mining Company, development trork by, hls- 

t(»ryof 117 

Buxtou-Cnlon group of mines, ore shoots of, descrip- 
tion of 14fr-H7 

C. 

(*alcite, occurrence of, as a gangue mineral 68 

Cale^lonia cut, dikes in, character and thickness of... 27 
gold-bearing conglomerate near lOG 

CaliKlonla mine, ore body of, character of 78 

htamp mills at 58 

Cambrian formations, character of 18, 21 

fossils in 21 

thickness of, columnar section showing 18 

topographic featuresof 16 

Cambrian rocks, character and thickness of 19 

gold ore In ?2 

gold and hilver orvsin 98-163 

lead and silver ores in 169-171 

pyrltous ores in 162-163 

section of, near Englewood 37-39 

near Galena 39-4 1 

n ea r Terry Pea k 35-;« 

tungsten ores in 163-169 

type locality of 16 

vertical fractures In 128 

wolframite ore in 166 

Cambrian shales, volcanic Bills in 26 

Carbonate district, country rmtV. in 177 

location of 177 

ore f»f, chunicter of 177-178 

CartKjniferous f(»rmati(mH, character and thickness of. 

columnar wction showinj? 18 

chanuler of 21 

fossils in 21 

Curlioniferous limestones, ores In 172-17S 

verticral fractures In 1-28 

Cnrl>oniferoUfi r<K.'ks. gold and fll v«;r ores in 172-177 
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Carpenter, F. R., cited on refractory siliceous ores 1 15 

cited on tin ores in southern Black Hills 9G 

cited on treatment of refractorj* siliceous ore* 160 

Carpenter mine, ore in, stratlgraphic position of 171 

Carrol group of mines, production of ] IS 

C4i»iterite, occurrence of 06 

Cement Ridge, Cambrian conglomerate near, thick- 
ness of 98 

Chaleedonic silica, occurrence of 138 

Chemical analyses. See substance analyzed. 

City Creek, copper ore near •. 94 

Cleopatra mine, location and workings of 212 

refractorj- siliceous ore«» in, occurrence of ISO, 162 

vertiail fractures in 152 

pbite showing 214 

Clinton mine, description of 191-192, 206 

fractures in, Intersection of 132 

Clinton and Arihland mine, production of 118 

Clover Leaf mine, Algonklan section northeast of, 

characterof 34 

country rock at 92 

historj* of development of 92 

locationof 92 

ore of, characterof 94 

dip of 92 

relations of. to surface geology 93 

value of 94 

sketch map of, showing relation to surface geol- 

og>' 212 

surface workings of 92-98 

Cold Creek, refractory siliceous ores on, occurrence of. 162 

Colorado, wolframite in, occurrence of 169 

Cf>lumbu8 mine, ore of, characterof 74 

ore of, value of 79 

workings of 67 

Comet mine, ore in, stratlgraphic position of 171 

* 'Competent" member, definition of 17 

Conglomerate, gold-bearing. See Gold-bearing con- 
glomerate. 
Cxjntorted ore. See Uomestake mine, ores of. 

Copper ores, occurrence of 94-95 

use of, in smelting siliceous ores 95 

Cora mine, ore In, stratlgraphic position of 171 

Cornwall tin region, wolframite In Ifi9 

Cretaceous formations, character of 1 20 

character and thickness of, section showing 18 

fossils in 20 

Cretaceous (Ix>wer ) formations, character of 20 

fossils In 20 

thickness of, columnar section showing 18 

Crosby, W. C).. cite<l on pseudo-conglomerates of the 

Black Hills 28 

Cross, Whitman, cited on Intrusive porphyries in the 

Rocky Mountains 23 

Custer, General, reconnaiasance by 56 

D, 

DhcHo, mineral conii>o8lUon and localities of 22 

Dacy group of mines, locration of 173 

oreof, characterof 173 

chemical com|>ositionof 174 

microscopic appearance of 174 

Daisy mine, description of 200 

Dakota formation, position and thickness of, columnar 

se<'tion showing 18 

Dakota saiidMtone. cimracter of 20 

firssilsin 20 
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Darton.N.H., acknowledgment to 26 

quoted on age of White River deposits 26 

De Smet cut, ore body In 71 

refractory siliceous ore in ISl 

De Smet mine, banded ore from 83 

ore of, value of 79 

ore body of, figures showing sections of 73 

Deadbroke mine, ore of, value of 110 

Dead wood, Cambrian rocks at, thickness of 19 

Deadwood Creek, Algonkian rocks along, section of. . 33 

gold-bearing conglomerate near 100 

Deadwood formation, character and equivalents of . . . 21 

fossils in 21 

section of, near Galena 39-11 

Deadwood Gulch, Cambrian conglomerate near, thick- 
ness of 105 

gold-bearing conglomerate north of lOti 

Deadwood mine, stamp mills at 5S 

Deadwood placer dcposi ts, source of gold in 179 

Deadwood and Delaware mine, gold production of . . . 117 
Deadwood and Delaware Smelting Company, analyses 

furnished by 143 

plant of, for treatment of ores 117, 160 

Deadwood-Terra Company, organization and proper- 
ties of 57 

stamp mills of 58 

Deadwood-Terra mine, description of 207-208 

Deadwood-Terra (Southern) open cut, plate showing. 21 i 

Dccorah mine, description of 203 

Devereux, W. B., cited on Deadwood placers 179 

cited on derivation of gold-bearing conglomerate. 107 
citedongold-bearingconglomeratesin Black Hills. 101 

cited on silver in detrital gold deposits 110 

quoted on gold in Cambrian conglomerate 109 

(luoted on origin of the gold-bearing conglomer- 

tites 102-103 

quoted on refractory siliceous ores 113-114 

Diorite, mineral composition and localities of 22 

Diorite-porphyry, mineral composition and localities 

of 22 

Dividend mine, description of 201-202 

fractures in, relation of, to mineralization 136 

gold-bearing gouge in 144 

gold-bearing sand In 144 

production of lis 

refractory siliceous ores of, jield of 149 

Dolomite, analysis of 121 

occurrence of, as a gangue mineral 68 

in Homestake mines 92 

plate showing varieties of 214 

Dolomite, Cambrian, alteration of 120-121 

chemical composition of 121-122 

lower contact of 122-123 

macroscopic appearance of 118-119 

microscopic appearance of 119 

mineral composition of 119-120 

upper contact of 123-124 

Donelson fracture, description of 211 

Donelson mine, fractures in, intersection of 132 

fnictures in, relation of. to mineralization 136 

Dorr, Mr.. acknowledgment to 143 

Double Stixndard mine, description of 197-198 

ore from, mineral composition of 142 

ore shoot of, length of 125 

Durango mine, description of 208-209 

location and workings of 105 

ore of, value of 154 
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Page. 

£1 Refugio mine, ore in, stratigraphic position of 171 

Elk Creek, course and features of 16 

gametlferous mica-schist along, exposures of 88 

Elk Creek Canyon, Cambrian rocks in, thickness of. . . 19 

geologic section measured in 18 

Ellison shaft, depth of 60 

Emmons. S. F., cited on ore of Leadville, Colo 178 

quoted on mineralization of ores (note) 157 

report by, on the Homestake mines 55-80 

Empire mine, gold production of 116 

Empire State mine, description of 204 

oresho(>tof, length of 125 

Englewood, geologic section near 36-39 

Englewood limestone, equivalents of 21 

character and thickness of 21, 86, 39 

fossils in 21 

Eocene formations, character of 20 

fossils in 20 

Esmeralda mine,^ location and workings of 106 

Etta mine, tin discovered at 95 

Eva n. mine, gold production of 118 

F. 

Fannie mine, description of 186-187 

geologic section in 187 

Fan tail Gulch, fractures or verticals in, plate showing. 214 

Parish, William B., gold ores of northern Black Hills 

examined and reported on by 67 

Father de Smet Company, organization and properties 

of 57 

stamp mills of 68 

See cUso De Smet. 

Florence mine, ore in, stratigraphic position of 171 

Fluorite, occurrence of, in refractory siliceous ores ... 189 
origin of, in refractory siliceous ores 168 

Folger mine, description of 204 ' 

Forsyth, , cited on methods of concentration of 

wolframite ore 168 

Fossil placers. See Gold-bearing conglomerate. 

Fowler, , cited on ore minerals in Carbonate dis- 
trict 178 

Franklin, Colonel, acknowledgment to 63 

Fractures, amount of opening of 129 

direction of iso 

grouping of 130-181 

intersection of 131-132 

origin of 134 

relation of, to eruptive rocks 182-134 

to the mineralization 134-136 

types of 126-127 

vertical extent of 128-129 

Fulton, C. H., cited on methods of treatment of refrac- 
tory siliceous ores 160 

G. 

Galena, geologic section near, along Bear Butte 

Creek 39-41 

lead-silver mines near, location and development 

of 170 

lead-silver ores of vicinity of 169-171 

Garden area, country rock in 150 

fracture groups in 131 

location of 160 

mines in, description of 209-211 

location and development of 150-151 
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Qftrdenarea, ore of , grade of 151 

ore shoots in, trend of 151 

refractory siliceous ores In, average yield of 118 

occmrenceof 112 

Taloeof 154 

Gftmet, occurrence of 68,91 

Gftmetiferous ore, Homestake mine, plate showing. . . 214 

occurrence and character of 87 

Gashwiler, J. W.. reference to 67 

Gentle Annie mine, description of 183 

location and workings of 106 

pjrritic conglomerate in 108 

Gold, discovery of, in northern Black Hills 6G-57 

occurrence of, in Clover Leaf mine 94 

mode of occurrence of, in Homestake mines 68, 91 

production of, by Homestake Mining Company. . . 62 

native, occurrence of 114, 151 

Gold and silver ores, in Cambrian rocks, discussion 

of 98-163 

in Carboniferous rocks, discussion of 172-177 

Gold Run, Cambrian conglomerate between Dead- 
wood Gulch and 106 

Gold-bearing clay, occurrence of, in Mogul and Tor- 
nado mines 143-144 

Gold-bearing conglomerate, alteration of 108-109 

derivation of 107 

geologic features of 103-107 

gold in. derivation of 99-100 

distribution of 100,109 

origin of 110 

literature reUUng to 101-108 

lithologic character of 107-109 

location and distribution of 103 

matrix of 107-108 

mines in 100,106-107 

descripUonof 181-184 

occurrences of 104-107 

origin of 100 

pebbles of , size of 107 

position and thickness of 98-99 

rhyolite intrusions in 100 

topography associated with 103 

valuesin 100 

Gold-bearing gouge, occurrence of, in Dividend mine. 144 

Gold-bearing gravels, occurrence of 179 

source of gold in 179 

Gold-bearing sand, occurrence of, in Yellow Creek 

and near Portland 144 

Golden Crown mine, ore of, value of 154 

Golden Gate mine, description of 210 

Golden Gate Mining Company, acknowledgment to. . 143 
Golden Reward Gold Mining Company, development 

work by 117 

plantof. for treatmentof ores 160 

Golden Reward mine, description of 185-186 

fractures in, relation of, to eruptive rocks 132 

gold production of 117 

oreshootof, width of 125 

Golden Reward mine, South, description of 188 

Golden Star shaft, depth of 60 

Great Mogul mine, cross section of, plate showing 51 

description of 19ft-197 

Grier, T. J., acknowledgment to 68 

Grorudiic, mineral composition and localities of 22 

Gunnison mine, description of 206 

Gushurst and Manchester mine, description of 202-203 

Gypsum, occurrence of, In refractory siliceous ort»s. . . 139 



H. 

Page. 

Haggin, J. B., reference to 67 

Hardin shaft, pjrritous ores in, work on 163 

Hardscrabble mine, description of 199 

Harmony mine, description of 199 

Harney Peak region, gold discovered in 56 

Harney Range, Cambrian rocks in, thickness of 19 

Harrison mine. Garden area, description of 209-210 

Harrison mine. Lead area, description of 207 

location and workings of 106 

oreof, valueof 154 

production of 118 

wolframite from, analysis of 167 

Hawkeyc-Pluma mine, description of 188-184 

gold-bearing conglomerate in, assays of Ill 

plan and cross section of, plate showing 214 

vertical fracturesin 128 

Hayes, C. W., letter of transmittal by 6 

Headden, W. P., cited on tin ores in southern Black 

Hills 96 

Hearst, George, reference to 57 

Hester A. mine, ore in, stratigraphic position of 171 

Hidden Fortune mine, description of 208 

native gold in 114 (note), 161 

Hidden Treasure mine, location and workings of 106 

oreof, valueof 164 

Highland shaft, open cut between Star shaft and 60 

Highland Company, stamp mills of 58 

Hillebrand, W. F., analyses of wolframite by 166-167 

analysis by, of dolomite from Tornado mine 121 

of ore from Dacy mines 174 

Homestake lode, pitch of 70 

Homestake mine, Algonkian schists showing sjmclinal 

structure south of 33 

Homestake mines, dikes in, figure showing 27 

dikes in. thickness and character of 27 

discovery and development of 65-58 

dolomite in 92 

extent and location of 55 

gangue minerals in 68 

garnet and tremolite in 91 

gametiferous ore from, plate showing 214 

geologic description of 66-78 

geologic section eastward from, figure showing 102 

history of development of 57-68 

mining developmentof 60-61 

ore bodies of, discovery of 67 

form and character of 71,73-74,108-104 

horizontal extent of 74 

origin of 78-80 

plans of 75 

relations of, to Algonkian rocks 81 

rocks inclosing 69-71 

ore minerals of 68 

origin of 90 

oreKof 82-88 

average yield of 58-59 

banded variety 82-85 

character of 65 

contorted variety 85-86 

cost of mining of 61 

massive variety 86-88 

occurrence of, mode of 90 

petrographic study of, by J. D. Irving 80-92 

reduction of 68-60 

relative proportions of gold and silver in 68 

value of 79 
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I'age. 

Tertiary formationM. chnractor »>£ 20, 41 

eruKion of 25 

fosEilsin 20 

thlcknem of 41 

Tevis, Lloyd, reference to 57 

Tin, dlacoverj- of, In Xi^er Hill district 9.'> 

Tin ore«, occurrence of i>.V97 

value of W 

Tornado mine, nuriferouK clay in, o<*curren«:e of 1 i:i-144 

cross section of. plate showing 21 1 

description of I\r2-VM\ 

dolomite from, nnulvKiN of '. 121 

fractures in, intersection of: l:il. i:vj 

relation of. to eruptive nn^k.s IXJ 

to minerali7jition 13o 

ore of, value of 153 

ore shoot of, width of 125 

Tomado-Mogrul mine. fnictun*8 in, relation of. to min- 
eralization 175 

ore sho«»t of, dimensionii of 125 

Tower, G. W., note;) of, on lead-silver ores of (.iuleiia. . Ifi9 
Trachytoid phonolitc, occurrence and character of . . . 88-^y 

Tremolite, occurrences of t»s. 91 

Trlissic formations, clmnicter of 20 

fossils in -20 

Trojan mine, description of 203 

Tungsten ores, occurrence of, discuwion of l('>:i-lC9 

Two Bit district, Cambrian rocks in, thickness of 19 

country rock in 162 

pyritous ores in, occurrence and character of. . . 162-UkJ 

Two Johns mine, description of 202 

fractures in, relation of, to eruptive rocks i:^ 

relation of, Ui mineralization 13(i 

location of 150 

Two Strike mine, deacription of 212 

wolframite from, analysis of 166, 167 

U. 

ITlstermlnc, country rock at 176 

geologic map showing locration of 214 

location of 176 

ore of, character and value of 176 

Union mine, cross section of ore shoot in 191 

description of 190-191 

geologic section in 190 

ore shoot of, length of 125 

Upper contact, mines on, description of 20O-2t»l 

Upi»er Welcome mine, description «»f iOO-'iOl 

Uranium mica, occurrence of, In refrHCU»r>' siliceous 

ores 140 

V. 

Vanocker laccolith, characu*r of 26 

Verticals, ('ler»i»atra mine, plate showing 214 

deflnitloii of 126 

figures blowing 126, 132 

Little Bonanza mine, plate showing 21 i 

RuggiMl Top Mountain, plate showing 214 

See also Fractures. 
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Page. 

■ Walcott, C. D.. cited on intraformational breccias 29 

. Washington mine, ort» in, stratigraphic i>osition of 171 

Wasp No. 1 mine, description of 211 

Wasp No. 2 mine, description of 211-212 

production of 117 

WaKp No. 4 mine, gold prcKluction of 118 

Weed, W. IL, and L. V. IMrsson, cite<l on limestone 

conglomerate from Judith Mountains 29 

Welcome mine, description of \ 199 

fracturtw in, relation of, to mineralization 135 

' plan of, plate showing 214 

Welcome Mining Company, development work by, 

historj- of 1 17 

: Wells Fargo mine, description of 210 

White River deposits, age «)f 26 

tilting «»f 26 

White River formation, character of 20 

fos^ils in 20 

WhitewcMxl Canyon, (!ambriini rocks in, thickness of . 19 

geologic section measured in 18 

; Whitew<K>d Creek, copper ore between Yellow Creek 

and 95 

jrourse and features of 15 

Whitewood limestone, character and thickness of 21,39 

e<iuivalents of 21 

f<K«iil8in 21 

I Willis, Bailey, cited on definition of "competent" 

stratum 17 

Winchell, N. H., reference to work of, in Harney 

Peak region 56 

Wolframite, occurrence and origin of 158 

Wolframite ore. analyses of 167 

character of. macrowropic and microscopic 165-166 

chemical composition of 166-167 

concentration of 168 

discovery of, hlstorj- of 163-164 

mineral composition of 166,167-168 

occurrences of 164 

relations of, to surrounding rocks 164 

rocks associated with 169 

value of 168 

"Woodyard** slates, character and occurrence of 81-X2 

Y. 

Yellow Creek, copper ore Ix'tween Whitewood rreek 

and 95 

gold-bearing sand in 141 

Yellow Creek urea, fractun* groui>s in 131 

location of 151 

mines in. description of 211-212 

lo<'atlon and development of 152 

refractory siliceous ores in. avenige ylel«l of 112 

grade of 152 

fXH'urri'iice of 112 

position of 151-152 

value <jf 1S2.154 

rhyolitesill in. thickm-ssof 152 

wolframite in. discovery of 163-164 

Yellow Creek (Jold Mining Company, gold production 

of lib 
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